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PROBLEM 


1 Preventing Type 1 Diabetes 


Case History 


The parent of a 4-year-old boy with type 1 diabetes consults you wanting to know if there 
is anything he can do to prevent a future child developing the condition. He already has an 
8-year-old daughter with diabetes and there is a strong family history of autoimmune 
thyroid disease on both his and his wife's side of the family. They are contemplating 
having a third child. 


Is there any evidence that type 1 diabetes is preventable? 
Is there any general advice the parents can usefully follow? 


Can we predict the onset of type 1 diabetes? 


Background 


Preventing or curing type 1 diabetes is one of the holy grails for those who research 
autoimmune disease or treat patients with diabetes. The disease typically presents in 
childhood, currently necessitates lifelong use of insulin injections and exposes the indi- 
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vidual to increased risk of vascular complications. The risk of type 1 diabetes in the gen- 
eral population is about 1 in 300, and this is increased up to 20-fold in first-degree rela- 
tives. Genetic markers do not provide an accurate prediction of diabetes, with only 5% of 
those with susceptibility markers actually developing the disease. However, the fact that 
the disease has a long latent period and that the pre-diabetic phase can be identified by 
measuring islet cell antibodies or by assessing beta cell function yields an opportunity for 
preventative therapy. The results of trials using non-specific immunosuppression in the 
1980s were disappointing with only temporary improvements in insulin production 
demonstrated. 

Type 1 diabetes in children became much more common in the course of the 20th 
century.' In fact, available evidence suggests that the disease was quite uncommon, 
although generally fatal, in children during the 19th century. This, along with the geo- 
graphical variation in the prevalence of childhood diabetes that is not accounted for by 
variations in the prevalence of susceptible genotypes, strongly suggests that environmen- 
tal factors are important.*? The wide variation in incidence rates applies much more to 
childhood than to adult type 1 diabetes.* It is not surprising that there has been intensive 
research into environmental triggers for diabetes that might be modified, or into safe and 
effective nutritional or immunological manipulations that might decrease risk of devel- 
oping the disease (Figure 1.1). Recent evidence suggests that most parents of children at 
risk of type 1 diabetes will attempt preventative measures,* and it is increasingly impor- 
tant for health professionals to be able to enter into a balanced discussion with parents 
and would-be parents. 

Both macronutrient and micronutrient components of the diet have received atten- 
tion. A protective effect of breast-feeding has been proposed, but not confirmed in all 


Factors Predisposing To Type 1 Diabetes Level of Evidence 
Genetic (including HLA) 

Non-breast-fed 

Early exposure to cows’ milk 

Low vitamin D status 

Viral infection 


Rapid weight gain in childhood 


The Following Do Not Appear To Modify Risk 


Childhood vaccination 
Treatment with nicotinamide 
Oral insulin therapy 


SES Strong evidence supported by multiple well-conducted and randomized clinical studies 
kk Reasonable evidence supported by clinical studies (not randomized) 
x Some evidence supported by observational studies and expert opinion 


Fig.1.1 Factors predisposing to type 1 diabetes. HLA = human leucocyte antigen. 
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studies. Breast-feeding may afford protection through early oral exposure to human milk 
(inducing tolerance to insulin; see below), through protection against infectious agents, 
and by decreasing the risk of excessive weight gain in infancy. The latter is also probably a 
trigger for diabetes during adolescence. On the other hand, early exposure to cows’ milk 
may increase risk through exposure to bovine insulin or B-casein, the latter being a 
known immunomodulatory protein contained in cows’ milk. Bottle-feeding can also be 
associated with excessive weight gain. Amongst micronutrient components of the diet, 
nitroso compounds (related to streptozotocin), nitrates and nitrites, all used as preserva- 
tives in meat products, have been considered. Variations in vitamin D status may be 
another reason for the geographical variation in the incidence of type 1 diabetes. Vitamin 
D has important regulatory effects on the immune system. A protective effect of cod liver 
oil (a source of both vitamin D and long-chain n-3 fatty acids, which are also anti-inflam- 
matory) was shown against childhood diabetes in the recent study reported by the 
Norwegian Childhood Diabetes Study Group.° 

Certain infectious agents, including enteroviruses, have been associated with develop- 
ment of diabetes in animal models and in rare cases of human diabetes. This has led to 
worries that childhood vaccination, particularly with live attenuated vaccines, may be a 
risk factor for type 1 diabetes. A Danish study, along with other recent evidence, has gone 
a long way to dispel worries on this score; Hviid and colleagues’ studied a cohort includ- 
ing all Danish children born between 1990 and 2000, and found no evidence of any asso- 
ciation between childhood vaccinations and diabetes. On the contrary, the vaccines may 
be protective by limiting the effect of potentially diabetogenic infections, particularly 
rubella. 


Recent Developments 


KON 


1 Vitamin B; (niacin) consists of nicotinic acid and nicotinamide. The latter is tolerated 
in high doses, and has been shown to decrease the incidence of diabetes in streptozo- 
tocin-treated animals, and in non-obese diabetic mice. Some early preclinical studies 
showed promise for the agent. The vitamin inhibits poly-ADP-ribose polymerase 
(PARP), an enzyme involved in DNA repair. Activation of PARP leads to depletion of 
intracellular nicotinamide adenine dinucleotide. This depletion of cellular energy 
stores may predispose to cell damage, including in the pancreatic beta cell. The 
European Nicotinamide Diabetes Intervention Trial (ENDIT)® was a randomized, 
double-blind, placebo-controlled trial in which 552 islet cell antibody-positive first- 
degree relatives of patients with diabetes took either nicotinamide or placebo. There 
was no difference in the incidence of diabetes during the five years of the trial (82 vs 77 
cases, respectively). 


2 Autoimmunity directed at insulin epitopes is one of the critical driving forces in the 
pathogenesis of type 1 diabetes. In animal models, exposure to mucosal insulin 
induces tolerance and thus decreases risk of diabetes. This mechanism is of particular 
interest because of the recent developments of insulin formulations which are active 
after oral or nasal administration. The Diabetes Prevention Trial-Type 1 reported 
recently.’ In this trial, a large number of first- and second-degree relatives of patients 
with diabetes were screened for pre-diabetes. Those found to be positive were ran- 
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domized to receive either oral insulin or placebo. Again, there was no difference in the 
incidence of new diabetes between the control and the treatment groups. 


3 The prospects of gene therapy for diabetes are improving rapidly. Approaches to 
introduce a functioning insulin-producing mechanism in glucose-responsive cells 
have been considered. The genetic susceptibility to diabetes is mainly through class II 
histocompatibility alleles. Recent experiments in non-obese diabetic mice have been 
carried out to replace diabetes-prone genes with those that are protective."® 


Conclusion 


There is not, currently, any way to accurately predict which individuals are going to get 
diabetes, or to prevent its occurrence. Family history is a major risk factor, increasing sus- 
ceptibility by up to 20-fold, and there might be a slight bias towards males developing dia- 
betes. Epidemiological data strongly support a role for environmental influences, 
especially for childhood diabetes. There is no evidence currently to support specific pre- 
ventative measures. Breast-feeding should be promoted for its possible role in preventing 
type 1 diabetes, as well as its other health benefits. Efforts to limit excessive weight gain in 
infancy and adolescence should be promoted, as high body weight at these times may 
favour development of type 1 diabetes. Among the other nutritional factors, the best evi- 
dence is for a protective effect of vitamin D and supplementation should be considered 
(perhaps as cod liver oil) in areas where sunlight exposure is low. Finally, parents should 
be encouraged to have their children vaccinated as per normal childhood schedules— 
there is no evidence that vaccination predisposes to diabetes and it may be that, by 
decreasing infection with some agents, it actually protects. 
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PROBLEM 


2 Preventing Type 2 Diabetes 


Case History 


You are consulted by a 43-year-old man who has a strong family history of diabetes. He is 
concerned because his father developed diabetes at the age of 56 and has recently (aged 
60 years) had a lower limb amputation. Your patient is generally in good health. He has a 
body mass index of 28 kg/m? and takes very little exercise as he has a busy job and a young 
family. He smokes 20 cigarettes per day, and has been noted to be mildly hypertensive 
although not requiring treatment at present. 


How would you advise him? 
Are we able to prevent development of type 2 diabetes? 


Is there a role for drug therapy? 


Background 


@ Once the condition is established, it is extremely difficult to maintain tight control of 
©} blood glucose and other vascular risk factors in patients with type 2 diabetes. A number 
of very important studies have been published in the past three years demonstrating the 
potential for lifestyle interventions and drugs to either prevent diabetes, or at least to 
delay its onset. These studies, along with the acknowledged costs of managing patients 
with type 2 diabetes, have heightened awareness of the value of preventative measures. 
The best-known of the prevention studies is the Diabetes Prevention Program (DPP), 
carried out in 27 North American centres.’ In this study, 3234 non-diabetic patients with 
impaired glucose tolerance were randomly assigned to placebo, metformin (850 mg twice 
daily) or lifestyle intervention. The latter consisted of dietary advice plus at least 150 min- 
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utes of physical activity per week. After 2.8 years of follow-up, the incidence of diabetes 
was 11.0, 7.8 and 4.8 cases per 100 patient-years in the placebo, metformin and lifestyle 
groups, respectively. Metformin reduced the incidence of new diabetes by 31%, while 
lifestyle intervention reduced it by 58%. Some of the benefit associated with metformin 
use is lost after the drug is stopped. However, a recent washout study using the DPP 
cohort confirms that much of the benefit persists.? A very recent cost-benefit analysis of 
this study confirmed that both interventions were cost effective.* However, lifestyle inter- 
vention was much more cost effective with a cost, relative to placebo, of $1100 per quali- 
ty-adjusted life-year, compared with $31 300 for metformin. 

The benefit of lifestyle intervention was confirmed in the Finnish Diabetes Prevention 
Study (DPS).* Usual diabetes care was compared with a lifestyle intervention programme 
in 522 overweight, middle-aged subjects with impaired glucose tolerance. The lifestyle 
intervention group experienced greater weight loss and improved glycaemic and lipid 
parameters. The STOP-NIDDM trial? (Study to Prevent Non-Insulin-Dependent 
Diabetes Mellitus) randomized 714 patients with impaired glucose tolerance to either 
placebo or acarbose, and followed them up for over three years. Forty-two per cent of 
patients in the placebo wing and 32% of patients taking acarbose developed diabetes. The 
decrease in new diabetes was highly significant, although the study has been criticized 
because of possible bias due to the large proportion of patients that did not complete 
their treatment regime. There is further evidence that drug treatment can prevent, or 
delay the onset of, diabetes from small studies using either sulphonylureas or the thiazo- 
lidinedione drug, troglitazone.°® 

One in five of the population in most developed countries is now obese, and this is the 
major factor underlying the global increase in diabetes prevalence in recent years. It is not 
surprising, therefore, that obesity has become an increasing focus for treatment and pre- 
vention of diabetes and cardiovascular disease. In the XENDOS study (XENical in the 
prevention of Diabetes in Obese Subjects), 3305 patients were treated with lifestyle inter- 
vention and randomized either to placebo or to treatment with the gastrointestinal lipase 
inhibitor, orlistat.’ After four years’ treatment, diabetes had developed in 9.0% of placebo 
patients and in 6.2% of orlistat-treated patients. Patients treated with orlistat also lost 
more weight and had improved lipid profiles. Again, and as with many long-term studies 
in this area, a relatively large proportion of patients did not complete the study. 

In summary, a number of recent studies confirm that both lifestyle interventions and 
drug treatments can reduce the incidence of new diagnoses of diabetes, and also improve 
some of the associated cardiovascular risk factors (Figure 2.1). Lifestyle intervention is 
clearly preferable, particularly if changes can be sustained long-term. Diet and exercise 
can also be cost-effective interventions. For those who do not succeed with lifestyle man- 
agement, drug treatment appears to be both a safe and an effective option. 


Recent Developments 


O 


1 Other drug groups used in the prevention of cardiovascular disease may affect the 
development of diabetes. Blockade of the renin—angiotensin system has now been 
shown in several studies, including the Heart Outcomes Protection Evaluation 
(HOPE) study, to modestly decrease incidence of diabetes. Lipid-lowering drugs may 
have a similar effect, perhaps by decreasing insulin resistance. For some patients, vig- 
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Review Diet | 


Exercise Plan 


Other Risk Factors 
(Smoking/Blood Pressure/Lipids/?Aspirin) 


Orlistat ?Metformin | 


Fig. 2.1 Figure shows suggested scheme for prevention of type 2 diabetes using lifestyle interventions and 
anti-obesity drugs. 


orous treatment of cardiovascular risk factors may be the best line of attack, and 
decreased risk of diabetes an important secondary benefit of treatment. 


Individuals at high risk of vascular disease should have vigorous management of their 
multiple risk factors wherever possible. One of the largest randomized trials of life- 
style intervention conducted is the Multiple Risk Factor Intervention Trial (MRFIT). 
Recent data? from nearly 13 000 men followed for up to seven years show, again, that 
diet and exercise can prevent diabetes. However, there were interesting differences 
between smokers and non-smokers; with lifestyle intervention, diabetes incidence 
was 18% lower in non-smokers but 26% higher in smokers. The exact reasons for this 
are not clear but use of antihypertensive drugs in smokers and weight gain associated 
with attempts to quit smoking are possible confounding factors. 


The role of exercise in improving glucose tolerance is now well established. 
Traditionally, vigorous aerobic exercise was recommended but was often unpalatable 
or unachievable for overweight and untrained subjects. Now, almost any type of exer- 
cise—depending on the patient’s preferences and capabilities—is regarded as benefi- 
cial. Recent data from the Finnish Diabetes Prevention Study have confirmed the link 
between leisure-time physical activity and reduced risk of diabetes. Even low- 
intensity and walking activity were associated with improved glucose tolerance. 


There is currently great focus on the effects of diets with differing macronutrient 
contents. Diets that are low glycaemic index, high in fibre and rich in wholegrain 
foodstuffs can improve glucose tolerance and diminish the risk of developing dia- 
betes. These findings have been confirmed in a number of substantial studies pub- 
lished in the past two years. In one recent study involving over 36 000 Australian 
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men,” consumption of a low glycaemic diet correlated strongly with a decreased risk 
of diabetes. Also, and in keeping with other studies, low dietary magnesium intake 
was also associated with increased risk of diabetes. 


Conclusion 


Given the difficulty experienced in reducing the risk associated with type 2 diabetes once 
the condition has developed, it seems imperative to try to prevent the condition when- 
ever the opportunity arises. Although the above patient is fit and healthy at present, he is at 
risk in the future of developing type 2 diabetes. Initial management should be with dietary 
advice from a registered dietician and the patient should be advised about the benefits of 
exercise. Even a modest increase in low-intensity activity might be of benefit. He should 
have a thorough assessment of his overall cardiovascular risk and, if necessary, receive 
treatment for poorly controlled risk factors. Given that he is healthy and young, he should 
be strongly advised to keep his weight down and to engage in regular physical activity. 
Once he commences drug therapy, he is likely to take it for life. He should be advised to 
stop smoking and offered smoking cessation support if needed. This will reduce his risk of 
cardiovascular events and may also decrease his risk of diabetes. His glycaemic status 
should be assessed by fasting blood glucose and, preferably, also with a random or post- 
prandial measurement. Drug therapy—for example with metformin—could be con- 
sidered if he has impaired glucose tolerance. The benefit is not likely to be as great as that 
with diet and exercise, and this should be repeatedly emphasized to the patient. 
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Diabetes Risk after the Menopause 


Case History 


A 54-year-old Afro-Caribbean woman is referred to you. She is two years post- 
menopausal and type 2 diabetes was diagnosed eight months ago. Despite having visited 
the dietician three times since then, her body mass index remains high at 30 kg/m2. She 
takes atenolol 50 mg/day for hypertension, which is well controlled. Diabetes is treated by 
diet alone, and her glycosylated haemoglobin (HbA1¢) is reasonable at 7.1%. Fasting 
cholesterol is 5.8 mmol/l and triglycerides 2.5 mmol/l. She has a strong family history of 
type 2 diabetes. 


How would you manage her diabetes and hypertension? 
Is her age and menopausal status relevant to her management? 
Is her racial background important? 


She wants to know whether she should consider hormone replacement therapy 


Background 


Compared with men, women are relatively protected from cardiovascular disease except 
when they are post-menopausal or they have diabetes. Sex steroids have important roles 
in regulating lipid metabolism, endothelial function, blood vessel tone and other aspects 
of vascular function. Menopause is associated with a relatively abrupt decrease in circu- 
lating oestrogen. There is no comparable process in men. Since the general population is 
aging, and women spend an increasing proportion of their life in an oestrogen-deficient 
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state in which they are at risk of atherosclerotic disorders, management of cardiovascular 
risk in the peri- and post-menopausal periods is of particular importance. 

The period of declining ovarian function leading up to the menopause, the peri- 
menopause, is associated with declining sex steroid levels and important alterations in 
body composition. Thus total and visceral adiposity increase, and bone mineral density 
decreases. The change in fat mass and distribution may relate to decreased lipolysis and 
increased activity of lipoprotein lipase. Weight gain around the menopause is greater in 
women from more deprived socio-economic backgrounds and in those who do not 
smoke, do not exercise regularly and have never used HRT. In a prospective 9-year study 
of women during the menopausal transition, Guthrie et al.' demonstrated that mood 
changes and decreased quality of life appeared to contribute to the changes in body 
composition and cardiovascular risk profile around the menopause. 

HRT is not currently recommended for prevention of cardiovascular disease. Although 
benefits in risk-markers have been documented, there is debate about which oestrogen, 
which progestogen, or which combination, and which route of administration. Set against 
the possibility of a marginal benefit in cardiovascular disease prevention, there is un- 
doubtedly increased risk of thromboembolic events and breast cancer. Moreover, two 
important trialk—the Women’s Health Initiative (WHI) and the Hormone Estrogen- 
Progestin Replacement Study (HERS)—actually reported increased cardiac events in the 
short term. A recent large, Swedish study* appears to confirm that oestrogen use can 
improve cardiovascular risk profile and there are now several lines of evidence that either 
oral or transdermal oestrogen may improve insulin sensitivity and slow the progress of the 
metabolic syndrome, thus retarding development of diabetes in those at risk.* 

The impact of diabetes on cardiovascular risk is higher for women than it is for men. 
In a recent Finnish study,* the event rate per 1000 patient-years was 11.6 for non-diabetic 
men and 1.8 for non-diabetic women, while comparable event rates for males and 
females with diabetes were 36.3 and 31.6, respectively. In the recent Study of Women’s 
health Across the Nation (SWAN),° differences between insulin sensitivity and beta cell 
function were compared in groups of pre- or peri-menopausal women from differing 
racial backgrounds. Insulin sensitivity was lower in African-Americans compared with 
other racial groups, while beta cell function was relatively preserved in this group. Thus 
measures to improve insulin sensitivity, including weight loss, should be the approach of 
choice in this group. 


Recent Developments 


KON 


1 Increased abdominal obesity in women is linked with insulin resistance and with 
markers of inflammation that predispose to ischaemic heart disease and other com- 
plications of obesity (Figure 3.1).° Although visceral obesity does not account for all 
of the increased risk associated with the post-menopausal state, it is an important 
therapeutic target, and regular exercise goes a long way to ameliorate the fat accumu- 
lation and accompanying risk factors.’ 


2 Attempts to improve health and deal with cardiovascular risk factors should not wait 
until the menopause. Recent data from the Nurses Health Study? demonstrate that 
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Fig. 3.1 Contributions of visceral adipose tissue (VAT) and insulin resistance (IR) to risk of diabetes. Post- 
menopausal women were screened for diabetes using an oral glucose tolerance test. Diabetes was 
particularly prevalent in women who had both increased visceral adipose tissue and insulin resistance. 
*P<0.0001. Source: Piché etal. 2005.° 


increasing obesity in the pre-menopause is associated with increased levels of inflam- 
matory markers (tumour necrosis factor-receptor, interleukin-6 and C-reactive pro- 
tein), and these markers are predictive of the development of diabetes. 


3 Micronutrient status also changes around the time of the menopause and there is con- 
siderable evidence now that some of these changes may relate to risk of diabetes and 
cardiovascular disease. Thus, decreased magnesium levels are more common after 
the menopause, and predispose to insulin resistance and the metabolic syndrome.’ 
Increased iron stores are associated with increased cardiovascular risk factors,” and 
this may be a factor in the peri-menopausal period for many women." 


Conclusion 


This woman is at increased risk on the grounds of age, ethnicity, menopausal status and 
the fact that she has diabetes. She should try hard with diet and exercise to manage her 
weight and glycaemic control (Figure 3.2). Given her imperfect glycaemic control at pres- 
ent, she might consider metformin to help preserve her beta cell function long term. Her 
hypertension is well controlled but atenolol might not be the ideal agent given her weight 
and imperfect glycaemic control. An angiotensin-converting enzyme inhibitor or angio- 
tensin II receptor blocker might be preferable. HRT is not routinely recommended for 
cardiovascular disease prevention but patient choice is important, and she may consider 
this if she is experiencing menopausal symptoms. She may benefit from aspirin treatment 
(see Chapter 33). 
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Make patient aware: 
Heightened vascular risk 
Importance of diet and exercise 


? HRT 
Consider if patient has 
menopausal symptoms 


Assess cardiovascular 
risk profile 
Treat blood pressure and 


Glycaemic control Consider aspirin 
Beware of weight gain 


lipids 


Fig. 3.2 Figure suggests a scheme for managing cardiovascular risk in a patient approaching, or soon after, 
the menopause. HRT = hormone replacement therapy. 
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Case 


Genetic Diabetes Syndromes (MODY) 


History 


A 24-year-old woman attends your clinic for annual diabetes review. She was diagnosed 
with diabetes at the age of 18 years. She is not overweight. She checks her blood sugar 
two days per week and fasting values are always below 7.0 mmol/l and her glycosylated 
haemoglobin (HbA1c) is 5.8%. She takes gliclazide 80 mg/day. Checking her eyes, you find 
that she has moderate diabetic retinopathy. Her blood pressure is 138/92 mmHg. She has 
a brother who was diagnosed with diabetes at the age of 18 and commenced on insulin. 


What type of diabetes does she have? 
How would you manage her? 


What is her prognosis regarding diabetic complications? 


Background 


ny 
Q) 


Maturity-onset diabetes of youth (MODY) is an unusual cause of diabetes, and accounts 
for 1-2% of all cases of diabetes. The fact that the diagnosis is seldom made in clinical 
practice almost certainly reflects the fact that there is no simple clinical test for the syn- 
drome and it is, therefore, under-diagnosed. It is important to recognize MODY for a 
number of reasons: the syndrome is usually diagnosed in adolescence or early adulthood 
and patients may thus have diabetes for a substantial portion of their life; there is an 
appreciable risk of diabetic complications even though the degree of hyperglycaemia may 
be mild; the approach to treatment is different to that to either type 1 or type 2 diabetes; 
and other family members are usually affected. Diabetes usually develops before the age 
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of 25 years, subsequent generations of the family are affected and there is usually no 
family history suggestive of type 1 or type 2 diabetes (e.g. organ-specific autoimmunity 
or obesity). The crude prevalence of MODY in the United Kingdom is around 0.2 per 
100 000 of the population under 16 years.' This is slightly less than the prevalence of type 
2 diabetes in children, although type 2 diabetes is much more common in children and 
young adults in populations with high-risk ethnic backgrounds. 

MODY is due to one of a number of identified genetic defects inherited in an autoso- 
mal dominant fashion, but usually with incomplete penetrance. Common to each is a 
defect in the ability of the pancreatic beta cell to produce insulin in response to glucose. 
The spectrum of MODY syndromes and their relative prevalence in the United Kingdom 
are shown in Table 4.1? By far the commonest syndrome is MODY 3, which occurs due to 
mutations in the gene for the transcription factor hepatic nuclear factor-1a. This accounts 
for around 70% of cases of MODY and has a mean age of diagnosis of around 20 years. 
The next most common syndrome is MODY 2, attributable to a defect in the glucokinase 
gene. This enzyme is not only involved in the flux of glucose into intermediary meta- 
bolism but is also critical to the ability of the beta cell to sense the prevailing level of glu- 
cose. The abnormality in blood glucose is relatively mild in MODY 2, and the risk of 
vascular complications is correspondingly lower than in the other types of MODY. Other 
identified types of MODY are quite rare. MODY 4, occurring due to defects in the insulin 
promoter factor-1 gene, is very rare and usually presents at a later age than other types of 
MODY. About 12% of cases are due to defects other than those identified as MODY 1 to 5. 

There is no specific treatment for the MODY syndromes, and no long-term trial evi- 
dence to document the benefits of treatment. However, patients with MODY are generally 
at risk from microvascular complications, even though they are often not markedly hyper- 
glycaemic. This presumably relates to the early onset of the disease. As with other types of 
diabetes, attention to lifestyle factors (diet, body weight and exercise) will improve glucose 
tolerance and thus reduce risk of complications. Because MODY is rare, there is little pub- 
lished information regarding its treatment and certainly no randomized, long-term trials 
with outcome data. In a small, randomized, crossover trial, Pearson et al.* compared the 


MODY Gene Responsible % of Cases Likelihood of 
Type Complications 
1 Hepatic nuclear factor-4a (HNF-4a) 3) ++ 

2 Glucokinase qal ap 

3 Hepatic nuclear factor-1@ (HNF-1a) 70 ++ 

4 Insulin promoter factor-1 (IPF-1) Rare + 

5 Hepatic nuclear factor-18 (HNF-1) 4 ++ 

X Gene not identified 12 + 

++ High risk of complications 

+ Moderate risk of complications 

+ Low risk of vascular complications 
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effects of gliclazide and metformin in a group of patients with MODY 3. The sulphony- 
lurea, gliclazide, was over five times more potent than metformin in lowering blood glu- 
cose. This is in keeping with a condition that is predominantly caused by a defect in insulin 
production by the beta cell. Thus, insulin secretagogues are the drugs of first choice 
although other drugs, including metformin, can be used if first-line treatment fails or if 
the patient is intolerant of sulphonylurea. Care should be taken with the sulphonylureas 
as, in MODY 3 patients, there is impaired hepatic uptake and clearance of the drugs lead- 
ing to an increased susceptibility to hypoglycaemia.* Where the patient is susceptible to 
hypoglycaemia, the drug of choice should be a short-acting insulin secretagogue. There 
are no systematic published data on either nateglinide or repaglinide but, intuitively, these 
should be suitable treatments. Also, in MODY 3 there may be a decreased renal threshold 
for glucose, making urinalysis an unsuitable means of monitoring the condition. Because 
the patients are usually diagnosed young, and are susceptible to complications, the aim 
should be for as near-normal glycaemic control as possible. Given the lack of specific 
drugs, the threshold for considering insulin therapy should be relatively low. 


Recent Developments 


KON 


1 Type 1 diabetes prevalence varies widely and is increasing. Although type 1 diabetes 
remains the most common type of diabetes affecting children and young adults, other 
forms of diabetes are increasingly being recognized in clinical practice. Diabetes, often 
in association with deafness and other neurological abnormalities, may arise from 
defects in the mitochondrial genome and is inherited maternally (MIDD—maternal- 
ly inherited diabetes and deafness). Patients with mitochondrial diabetes syndromes 
are increasingly being recognized in specialist neurology or diabetes clinics. Patients 
with apparent type 1 diabetes—ketosis prone and insulin dependent—but with fluc- 
tuating insulin requirements and no evidence of islet cell autoimmune markers (type 
1B diabetes) are common in some high-risk populations.® The pathogenesis of this 
type of diabetes is poorly understood at present. 


2 One in eight patients with MODY does not have an abnormality in one of the five 
genes responsible for the identified MODY syndromes. Further study of such patients 
is leading to identification of new susceptibility loci.” Such studies will not only bene- 
fit families with rarer forms of MODY but may also lead to the identification of new 
candidate genes for type 2 diabetes. 


Conclusion 


The patient described above is unusual in that she had diabetes diagnosed at an early age 
and her glycaemic control is good, yet at the age of 24 she is already developing microvas- 
cular complications of diabetes. This, and her family history of diabetes, should make you 
think that she may have one of the MODY syndromes (Figure 4.1). This diagnosis is diffi- 
cult to fully substantiate unless genotyping studies are undertaken in a specialist labora- 
tory. Assuming that she does have MODY, it is incumbent upon the physician to ensure 
that diabetes control is as tight as possible, as there is a significant risk of complications, 
even though the level of glycaemic control may appear reasonable. If lifestyle modifica- 
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tion fails, the drug of first choice would be a short-acting insulin secretagogue. As with 
other diabetic patients, advancing age, increasing insulin resistance and chronic hypergly- 
caemia may all contribute to progressive treatment failure and many MODY patients will 
eventually require insulin treatment. 


Onset <25 years 
Mild hyperglycaemia 
Not overweight 
Family history 


Screen for complications 


Fig. 4.1 Diagnosis and management of a 
patient with suspected MODY. 


Monitoring 


Sulphonylurea 
(or short-acting insulin 
secretagogue) 


Add or substitute 
metformin 


Insulin 
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Case 


Screening and Impaired Glucose 
Tolerance 


History 


A 48-year-old manual worker was found to have glycosuria at a routine medical carried 
out for insurance purposes. He has been seen by a practice nurse who checked his blood 
glucose using a fingerprick test. The result was 9.0 mmol/l. His general health is very good, 
and he has no family history of note. 


How would you proceed from here? 


What do you think of using urine tests or fingerprick blood tests to screen for 
diabetes? 


Is population screening for diabetes now warranted? 


If he has impaired glucose tolerance, what are the implications for his future health? 


Background 


The diagnostic criteria in current usage (Figure 5.1) are summarized as follows: 
Diabetes (one of the following): 


@ Random venous plasma glucose =11.1 mmol/l in the presence of symptoms 
@ Fasting plasma glucose =7.0 mmol/l 
@ Two-hour plasma glucose =11.1 mmol/l after a 75 gram oral glucose load 


@ In the absence of symptoms, confirmatory glucose measurements should be made on 
two separate days 
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Plasma glucose (mmol/l) 


Fasting <6.0 6.1-7.0 
Normal IFG 
(Consider range 6.0-7.0) 


2 hours <7.8 27.8 
Normal IGT 
(Consider range 7.8-11.1) 


Random glucose 
<11.1 
does not exclude DM 


With symptoms | ? DM suspected | 
Recheck Recheck 
(? fasting or 2 hours) (? fasting or 2 hours) 


Fig. 5.1 Diagnostic criteria for IFG, IGT and diabetes mellitus (DM). 


Impaired glucose tolerance (IGT): 
@ Fasting plasma glucose <7.0 mmol/l 


@ Two-hour value on oral glucose tolerance test (OGTT) =7.8 mmol/l but <11.1 mmol/l 


Impaired fasting glucose (IFG): 


@ Fasting plasma glucose =6.1 mmol/l but <7.0 mmol/l 


IFG and IGT are states where carbohydrate tolerance is decreased compared with normal 
and associated with increased risk of progression to diabetes and increased cardiovascular 
risk. The values of 7.8 mmol/l and 11.1 mmol/l seem very precise, and correspond to 
140 mg/dl and 200 mg/dl, respectively. These can be regarded as optimal thresholds for 
diagnosing states of carbohydrate intolerance but it should be recognized that risk of 
macrovascular complications increases continuously with increasing plasma glucose. 
There is no generalized agreement about screening policies for diabetes. Opportunistic 
screening of high-risk individuals, including all subjects over 45 years, at two-yearly inter- 
vals is normal practice. Screening modes include fasting glucose, random glucose, oGTT, 
and glycosylated haemoglobin (HbA1c) measurement. Routine glucose measurements 
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are the most convenient in day-to-day practice but may need to be followed by repeat tests 
or oGTT in subjects who are either not symptomatic or have values below 11.1 mmol/l. 
HbA1c can be useful as part of a screening strategy to identify those likely to have diabetes, 
but the various states outlined above are defined on the basis of glucose measurements. ' 
Urine testing is not recommended for population screening of diabetes, but stick testing 
also identifies proteinuria and haematuria and is thus useful in screening in general med- 
ical examinations. Recent data from the Diabetes Prevention Program Group? confirm 
that capillary blood glucose measurements are suitable for screening so long as patients 
with abnormal results are followed-up with appropriate laboratory tests. 

In general, insulin resistance is the forerunner to states of carbohydrate intolerance in 
most cases. Progressive carbohydrate intolerance (IFG, IGT) arises from relative failure of 
the beta cell against the background of insulin resistance. The decreased insulin secretion 
in the face of hyperglycaemia appears to progress faster than was previously believed.* 
This is confirmed by results from the Baltimore Longitudinal Study of Aging* where the 
cumulative 5- and 10-year incidence of diabetes was 21.0% and 37.4%, respectively, for 
those with IGT at baseline. Other data from this study confirm the strong association 
between IGT and cardiovascular risk factors. The relationship between IFG and cardio- 
vascular risk is much weaker. These data reaffirm the need for intensive management of 
subjects with pre-diabetic states. 

The metabolic syndrome, now present in one in four adults in the United States (US), 
is a powerful predictor of morbidity and mortality. The most common cause of death 
amongst individuals with metabolic syndrome is cardiovascular disease. The importance 
of metabolic syndrome as a predictor of cardiovascular death has been confirmed in two 
recent large cohort studies from Italy® and Canada.° These and other studies are changing 
the view of the management of patients with pre-diabetic states from a ‘wait and see’ 
approach to vigorous lifestyle management where this is tolerated. For patients who can- 
not reduce weight, improve diet and take regular exercise, pharmacological management 
of hyperglycaemia, dyslipidaemia and hypertension should be considered. 


Recent Developments 
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1 The Finnish Diabetes Prevention Study’ and the US Diabetes Prevention Program’ 
have both demonstrated that intensive lifestyle modification, including exercise, 
decreases the incidence of new diabetes in subjects at risk. Furthermore, the associated 
cardiovascular risk factors are also improved, and the interventions are cost effective. 


2 Genetic studies arising from the above lifestyle modification trials are beginning to 
reveal some of the mechanisms that may underlie progression of carbohydrate intol- 
erance. Thus, certain polymorphisms in the genes for the pro-inflammatory cytokines 
tumour necrosis factor-a and interleukin-6 are associated with progression,’ as are 
polymorphisms in the gene for adiponectin. ° 


3 Microvascular disease has been traditionally regarded as the hallmark of the diabetic 
state. However, there is now considerable evidence that microvascular changes are 
highly prevalent in patients with IGT." This association may underlie the high preva- 
lence of renal disease in some populations that are also very prone to diabetes, and 
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again underlines the need for active management of patients who are discovered to 
have abnormal carbohydrate tolerance. 
Conclusion 


The above patient appears to have IGT, although this needs to be confirmed using labora- 
tory measures of venous plasma glucose. While the oGTT is not routinely used for 
screening, there is a strong argument for an oGTT in a patient who is discovered to have 
abnormal glucose tolerance. With existing evidence, a precise classification of abnormal- 
ities of carbohydrate tolerance provides a rationale for the approach to therapy. Finger- 
prick blood tests are fine for identifying patients at risk, but urine tests are not 
recommended. IGT is part of the metabolic syndrome and this diagnosis carries with it a 
high risk of future diabetes and cardiovascular disease. The approach to the above patient 
should include diet and exercise advice, along with screening for other cardiovascular risk 
factors. Although population screening for diabetes is not carried out at present, oppor- 
tunistic encounters with all patients at risk, including anyone over 45 years old, should be 
used to screen for hyperglycaemia. 
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PROBLEM 


6 Type A/B Diabetes and Insulin 
Resistance 


Case History 


A motivated 42-year-old man, body mass index (BMI) 24.8 kg/m2, with type 2 diabetes 
complained of persistent symptomatic hyperglycaemia despite taking a total of 400 units 
of insulin a day. Urinalysis revealed no ketonuria. Clinical examination showed no 
evidence of lipohypertrophy. Past medical history includes pemphigus vulgaris for which 

he is not on any treatment now. 


What further investigations would you request? 


How would you manage this patient's hyperglycaemia? 


Background 


O This patient remains hyperglycaemic despite taking large amounts of insulin. His BMI is 
T] inthe desirable range, but he clearly has an extreme insulin resistance state (IRS), arbitrar- 
ily defined on clinical grounds as the requirement of more than 200 units of insulin per 
day to attain glycaemia control and to prevent ketosis. While central obesity—the most 
common cause of insulin resistance—is characterized pathophysiologically by a decreased 
number of insulin receptors and post-receptor defects, two major variants of insulin 
receptor abnormalities have been described—type A and type B syndromes, depending on 
the aetiology. In the absence of other recognized familial insulin resistance syndromes 
(such as lipodystrophic state, Werner syndrome, Rabson-Mendenhall syndrome, Alström 
syndrome), poor patient compliance or any technical difficulties with insulin injections, 
both type A and type B insulin resistance syndrome should be considered when patients 
present with persistent hyperglycaemia despite taking large amounts of insulin. 
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Type A syndrome is defined by insulin resistance, acanthosis nigricans and hyper- 
androgenism without overt obesity or lipoatrophy. A variant known as the HAIR-AN 
syndrome (HyperAndrogenism, Insulin Resistance and Acanthosis Nigricans) affects 
female patients. Acanthosis nigricans is very common in both types of insulin resistance 
syndrome and is typically described as patchy, velvety brown hyperpigmentation plaques 
usually found in flexural areas, especially axillae and the nuchal region. The lesion may be 
due to the effect of high circulating levels of insulin on insulin-like growth factor (IGF-1) 
receptors in the skin. Patients with type A syndrome may also show features of acromegaly 
with acral enlargement but with normal growth hormone and IGF-1 levels—a form of 
pseudoacromegaly. The mechanism for the latter clinical presentation is thought to occur 
due to hyperinsulinaemia stimulating anabolic and growth effects via normally function- 
ing receptors in other tissues. The type B syndrome of severe insulin resistance is often 
acquired and is characterized by the presence of autoantibodies to the insulin receptor. 
The syndrome frequently results in symptomatic hyperglycaemia that is resistant to high 
doses of insulin, although ketosis is rare. It commonly occurs in conjunction with other 
autoimmune disorders. Symptoms related to immunological disorders (e.g. arthralgia, 
skin rash and hair loss) may also occur. 

A thorough history and examination will reveal problems with compliance, complica- 
tions of insulin injection—which might affect insulin absorption (e.g. lipohypertro- 
phy)—or features of familial severe insulin resistance syndrome. Laboratory investigation 
should include a full lipid profile (IRS is characterized by elevated low-density lipoprotein 
[LDL]-cholesterol, high triglyceride levels and reduced high-density lipoprotein [HDL]- 
cholesterol), plasma glucose, glycosylated haemoglobin (HbA1c) and electrolytes. Novel 
biochemical markers of IRS are homocysteine, plasminogen activator inhibitor-1 and fib- 
rinogen levels, all of which are elevated in IRS. Increased fasting insulin level is an indirect 
measure of insulin resistance, while euglycaemic insulin clamp technique is the gold-stan- 
dard method to measure insulin resistance. In clinical practice, measurement of glucose 
response to intravenous infusion of insulin is useful to determine the appropriate insulin 
dose required by the patient. Electrocardiogram and assessment of microalbuminuria are 
useful determinants of patients’ cardiovascular risk. 

In female patients with type A syndrome, testosterone and free androgen index level 
may be raised, associated with low sex-hormone binding globulin levels. Whilst low titres 
of immunoglobulin G (IgG) anti-insulin antibodies are present in most patients receiv- 
ing insulin, rarely, a high titre may induce IRS by post-receptor failure. Thus, anti-insulin 
antibody titre levels should be checked, particularly in patients who gradually develop 
severe insulin resistance after taking long-term insulin, or if patients develop insulin 
resistance after converting from bovine to human insulin. Type B syndrome is often more 
severe and is characterized by the presence of a high titre of IgG anti-insulin receptor 
antibodies in the serum. 

Treatment for patients with severe insulin resistance remains largely experimental." * 
Patients are often prescribed high doses of insulin in combination with insulin sensitizers. 
In patients with intractable symptomatic hyperglycaemia, a trial of human recom- 
binant IGF-1 may be effective in selected cases. Immune-mediated insulin resistance 
may respond to immunosuppressive treatment such as steroids, cyclophosphamide and 
plasmapheresis.* 
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Recent Developments 


O 


1 A recent report’ suggested that rituximab—a monoclonal antibody directed at the 


CD20 molecule on B lymphocytes—given as an intravenous infusion (375 mg/m? of 
body-surface area) once weekly for four weeks may induce remission of severe insulin 
resistance in a patient with type B syndrome. Mycophenolate was not effective in this 
case, but other case reports have shown remission of insulin resistance when patients 
were given a combination of mycophenolate and cyclophosphamide. 


Human recombinant IGF-1 injection has been reported to be a potential therapy 
for individuals with severe insulin resistance.”® In a study of eleven patients, glucose 
levels decreased in response to subcutaneous injections of human recombinant 
IGF-1 (0.1-0.3 mg/kg).° A long-term trial of IGF-1 (up to 16 months) showed that 
IGF-1 (0.1-0.4 mg/kg twice daily) was effective in lowering both fasting and post- 
prandial plasma glucose concentrations, with decreases in both fructosamine and 


Insulin >200 units/day 
Normal body weight 


Check compliance 
and injection technique 


Lipid profile 


Androgens 
SHBG 

Acanthosis nigricans 

(= type A) 


Anti-insulin antibodies 
(= type B) 


Consider 


Weight loss immunosuppression 


Insulin sensitizer 
?recombinant IGF-1 


Fig. 6.1 Assessment and investigation for type A and type B insulin resistance syndrome. SHBG = sex- 
hormone binding globulin. 
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HbAIc values. Improvement of acanthosis nigricans was observed in some patients. 
Recombinant IGF-1 (100 g/kg twice daily) given subcutaneously to several patients 
with type A syndrome was associated with improvements in glycaemic control and 
insulin resistance.° 


Conclusion 


taking large amounts of insulin (>200 units/day). A thorough history and clinical exam- 


Ss Severe IRS should be suspected in all patients with intractable hyperglycaemia despite 


ination may reveal underlying phenotypes of severe IRS (Figure 6.1). A high serum titre 
of IgG anti-insulin antibody and/or anti-insulin-receptor antibody may suggest im- 
mune causes of IRS. Treatment with immunosuppressive agents (such as rituximab, 
prednisolone or cyclophosphamide) or human recombinant IGF-1 may be justified as a 
therapeutic trial in patients with intractable hyperglycaemia. 
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7 Diabetic Ketoacidosis 


Case 


History 


You were called to see a 26-year-old Caucasian woman in the casualty department. Her 
partner informed you that she has had type 1 diabetes since the age of 12, which has 
previously been well controlled. Leading up to her presentation, she has had a two-day 
history of diarrhoea and vomiting. On your assessment, she was very drowsy, 
uncommunicative, hyperventilating and severely dehydrated. Arterial blood gas showed: 
pO, 15.4 kPa; pCO, 1.9 kPa; HCO, 3.8 mmol/l; pH 6.92. 


How would you manage her? 
Is there a role for giving phosphate or bicarbonate? 


Do analogue insulins have a role in the acute management? 


© Atlas Medical Publishing Ltd, 2006 
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Background 


Diabetic ketoacidosis (DKA) is the most common hyperglycaemic emergency in patients 
with diabetes, and is now the leading cause of death in children with type 1 diabetes. The 
annual incidence rate for DKA, estimated from population-based studies, ranges from 4.6 
to 8 episodes per 1000 patients with diabetes. Early diagnosis is important so that treat- 
ment can be initiated promptly with close monitoring of the patient’s biochemical, 
haemodynamic and clinical status. Whilst the condition should ideally be managed by 
specialists, there remains limited evidence comparing clinical outcomes in the manage- 
ment of DKA between non-specialist physicians’ care and diabetologists’ care. In a study 
in a large teaching hospital in Scotland, patients with DKA treated by non-diabetologists 
showed a non-significant trend towards longer hospital stay. In the United States, a 
study showed that endocrinologists provided more cost-effective care than generalists 
when serving as a primary care providers for patients hospitalized with DKA. Thus, well- 
informed general physicians appear to manage DKA effectively although resources may 
be used more efficiently by diabetologists. 

Insulin error (e.g. missed injection, abnormal injection sites) and intercurrent in- 
fection are the most common precipitating factors for developing DKA, accounting for 
more than two-thirds of cases. Other predisposing factors include autonomic neuropathy 
with delayed gastric emptying, alcohol binge, diarrhoea or vomiting illnesses and, rarely, 
drug use such as atypical antipsychotic use and cocaine abuse. The main features of DKA 
are hyperglycaemia (plasma glucose level >14 mmol/l), metabolic acidosis (serum bi- 
carbonate <15 mmol/l), increased anion gap, heavy ketonuria (>2+) and/or ketonaemia 
(positive serum ketone level >1:4 dilution by the nitroprusside reaction and/or serum 
8-hydroxybutyrate >3.0 mmol/l). The sensitivity of urine ketone dip-test for ketonaemia 
in patients with DKA is 97%, and thus the absence of ketonuria makes the diagnosis of 
DKA unlikely. The mean difference between arterial and venous pH is negligible (approx- 
imately 0.03) and thus painful arterial sampling should be reserved for cases when res- 
piratory failure is suspected. Diagnosis is often straightforward where there is a clear 
history of diabetes but can cause some difficulties when patients are unconscious or DKA 
is the first presentation of diabetes. Diagnostic clues are dehydration, drowsiness, 
acidotic hyperventilation, unexplained metabolic acidosis, hyperkalaemia and the smell 
of ketones on the patient’s breath. 

In the management of patients with DKA (Figure 7.1), early venous access is essential 
and standard measures of oxygen, regular assessment of pulse and blood pressure, as well 
as urinary catheterization for accurate measurement of urine output are important. 
Insertion of a central line is not routinely indicated except in severely ill patients, parti- 
cularly in the elderly. A suitable fluid-replacement regimen for patients who are not 
shocked or oliguric is 500 ml/h of 0.9% saline for the first four hours, followed by 
250 ml/h for the next four hours. This regimen has been shown to produce correction of 
acidosis and hyperglycaemia as rapidly as a regimen using twice these rates. Large fluid 
boluses may contribute to the increased risk of cerebral oedema. An alternative initial 
fluid regimen is to infuse 0.9% saline at 500—1000 ml/h for the first two hours followed by 
0.45% saline at 250-500 ml/h until blood glucose level drops to <14.0 mmol/l. No formal 
studies comparing the outcome between these two regimens have been performed. Once 
plasma glucose has fallen to around 14 mmol/l (an arbitrary cut-off level), 5% dextrose 
infusion should then be added, to facilitate the clearance of ketone bodies and to buffer 
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Initiate fluid replacement with 
0.9% saline (see text) 


Initiate insulin treatment 
(see text) 
aim for lowering glucose at a 
rate of <5 mmol/I/h 


Consider potassium replacement 
when appropriate (see text) 


Bicarbonate level 


pH <6.9 mmol/l pH >6.9 mmol/l 
Evidence less clear. May merit Not for bicarbonate 
bicarbonate replacement if intractable replacement unless in 
haemodynamic compromise, in ITU peri-arrest situations 
setting, or in peri-arrest situations 


Add dextrose infusion to saline 
replacement when glucose <14 mmol/l. 


Close monitoring of U+E and urine output, 
treat intercurrent illnesses (e.g. infection) 


When patient is taking orally, bicarbonate 
>18 mmol/l, plasma pH >7.3 


Stop intravenous insulin, refer to diabetes 
specialist nurse, identify predisposing 
factors to prevent future DKA admissions 


Fig. 7.1 Management of DKA. ITU = intensive therapy unit; U+E = urea and electrolytes. 
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against hypoglycaemia and a too-rapid fall in osmolarity. The combination of saline 
and dextrose could be given in the form of 5% or 10% dextrose with 0.45% saline or 
dextrose-—saline solution (0.18% saline, 4% dextrose) until resolution of DKA. 

Insulin replacement is normally given intravenously via a ‘sliding scale’ regimen. This 
involves an initial intravenous bolus of 0.1 unit/kg body weight, followed by a variable 
infusion rate determined by patients’ hourly glucose levels. Glucose levels should not be 
reduced too quickly, and a rate of fall of <5 mmol/I/h is recommended. Alternatively, 
a regimen giving a continuous infusion rate of 0.1 unit/kg/h until plasma glucose is 
<14 mmol/l could be used, after which a 5% dextrose solution is added and the insulin 
infusion rate reduced to 0.05 units/kg/h. Failure to achieve a reduction in plasma glucose 
level with this regimen should prompt a search for mechanical failures (e.g. connections, 
infusion device) or unusual insulin resistance states where changes in the regimen’s rate 
of insulin infusion will be required. The insulin infusion should be continued until 
ketosis and acidosis have cleared (serum bicarbonate >18 mmol/l and venous pH >7.30). 
The first subcutaneous insulin dose must be given at least one hour before the insulin 
infusion is stopped. 

Insulin induces a shift of potassium into cells resulting in the risk of life-threatening 
hypokalaemia. Potassium levels are often normal or elevated at initial presentation and 
levels should be checked every two hours. A commonly used potassium regimen is: 


@ ifserum K* >5.5 mmol/l, do not give K*; 
@ if K* =4-5.5 mmol/l, add 20 mmol of KCI to each litre of intravenous (IV) fluid; 
@ if K* =3-4 mmol/l, add 40 mmol of KCI to each litre of IV fluid; 
@ ifK* <3 mmol/l, 10-20 mmol of KCl hourly until serum K* >3 mmol/l. 
Potassium replacement should not be started before insulin treatment and should be cau- 
tiously given in patients who are anuric or oliguric. 
Prior to discharge from hospital, patients should be referred to a diabetes specialist 
nurse to help identify any practical or social problems associated with their insulin 


regimes, and provide education on sick rules and appropriate use of insulin during inter- 
current illness. 


Recent Developments 


KON 


1 Recent controlled studies have shown that treatment of mild to moderate DKA 
with one- to two-hourly injections of subcutaneous short-acting insulin analogue 
represents a safe and effective alternative to the use of an intravenous, regular insulin 
protocol." 


2 Phosphate levels are often low in patients with DKA. Potential complications of severe 
hypophosphataemia include respiratory and skeletal muscle weakness, haemolytic 
anaemia and worsened cardiac systolic performance. Studies have not demonstrated 
clinical benefits from the routine use of phosphate replacement in DKA, but replace- 
ment should be given to patients with serum phosphate concentrations <1.0 mg/dl, or 
to patients with moderate hypophosphataemia and concomitant hypoxia, anaemia 
or cardiorespiratory compromise. 


7 Diabetic ketoacidosis 29 


3 The role of bicarbonate infusion in patients with DKA and severe acidosis is also 


unclear.* Metabolic acidosis increases the risk of organ damage in the heart, liver and 
brain but, conversely, bicarbonate infusion is associated with significant adverse 
effects, such as worsening hypokalaemia and paradoxical central nervous system 
acidosis. The rise in blood pH after bicarbonate infusion may also adversely affect the 
haemoglobin—O, dissociation curve, thereby reducing tissue oxygenation and increas- 
ing lactate production and intracellular acidosis. Studies to date have failed to show 
evidence of earlier resolution of acidosis, or any improvement in short- or long-term 
outcomes, with bicarbonate treatment of DKA patients with blood pH between 6.9 
and 7.1. No prospective, randomized studies concerning the use of bicarbonate in 
DKA with arterial pH values <6.9 have been reported. In the absence of such studies, 
the use of bicarbonate in patients with DKA should be restricted to the peri-arrest situ- 
ation or to patients with life-threatening hyperkalaemia. 


DKA may also occur in patients with type 2 diabetes or, more rarely, in patients with 
‘atypical diabetes. The latter group are patients who presented with DKA but sub- 
sequently do not require insulin treatment; this has been reported in patients of 
African-American, African, Chinese and Japanese origin. 


Conclusion 


Development of local protocols and guidelines for management of DKA has greatly 

Ss improved the outlook for patients when they safely reach hospital. Short-acting analogue 
insulins are a safe alternative to soluble insulin but probably do not offer any major 
advantage for use in this emergency. There is currently no justification for the routine use 
of bicarbonate or phosphate in the management of patients with DKA.* 
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PROBLEM 


8 Hyperosmolar Hyperglycaemic State 


Case History 


(ja A 67-year-old woman with no previous history of diabetes mellitus was admitted to the 
Acute Medical Admission Unit with a four-day history of progressive drowsiness and 
dehydration. An urgent blood test showed pre-renal uraemia (Na+ 174 mmol/l; K* 4.0 
mmol/l; urea 26.2 mmol/l; creatinine 168 pmol/l), severe hyperglycaemia (34.2 mmol/l) 
and arterial blood gas parameters of pO, 12.1 kPa, pCO, 5.2 kPa, HCO, 18.9 mmol/l and 
pH 7.32. Urinalysis showed 2+ protein, trace blood and nil else. 


How would you manage this patient acutely? 


What ongoing management is she likely to require? 


Background 


Q Although the incidence of hyperosmolar hyperglycaemic state (HHS) is less than that of 

S| DKA (approximately 1 per 1000 person-years for HHS compared with 5-8 per 1000 per- 

son-years for DKA), the estimated mortality rate in HHS is higher, (approximately 15% 

in HHS compared with <5% in DKA) and increases substantially with age and the pres- 

ence of concomitant illnesses. Provided that standard, written therapeutic guidelines are 

followed, clinical outcomes of patients with HHS have not been shown to be altered by 
whether patients were managed by a generalist or a diabetologist. 

HHS usually occurs in older patients, with or without pre-existing diabetes, and often 
takes days or weeks to develop fully. Progressive hyperglycaemia leads to increasing 
polyuria and de-hydration, and failure to compensate this by increasing fluid intake, espe- 
cially in elderly patients, makes this group of patients particularly at risk. Abdominal pain 
with nausea and vomiting due to reduced mesenteric perfusion may perpetuate dehydra- 
tion. Infection is a common precipitant, with urinary tract infection or pneumonia 
accounting for 30-50% of cases. Other common precipitants are myocardial infarction, 
stroke, acute pancreatitis, trauma, use of drugs which interfere with carbohydrate metabo- 
lism (e.g. steroids, thiazide diuretics or beta-blockers) or excessive use of diuretics. The 
diagnosis of HHS is based on increased serum osmolality, significant hyperglycaemia of 
>34 mmol/l and absence of severe ketoacidosis. Increasing serum osmolality has been 
shown to correlate significantly with reduced mental status in patients with HHS. 
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The definition of HHS is: 
@ Plasma pH >7.3 
@ Plasma bicarbonate >18 mmol/l 
@ Plasma osmolality >320 mOsm/kg* 
@ Only mild ketonaemia and ketonuria 
*calculated as: [(2 X plasma Na*) + plasma glucose] 


Plasma urea is not included in the calculation of effective osmolality because it is freely 
permeable in and out of the intracellular compartment. Coma is often associated with 
serum osmolality of >400 mOsm/kg. Other common biochemical abnormalities at pres- 
entation are hypernatraemia and disproportionately raised urea levels. Initial laboratory 
tests should also include a complete blood count with differentials, bacterial cultures of 
blood, urine and other tissues, serum amylase, chest radiograph, electrocardiogram and 
serum creatinine kinase in patients with prolonged immobilization to exclude rhab- 
domyolisis. Differences in biochemical abnormalities associated with DKA and HHS are 
shown in Table 8.1 below. 


Normal range DKA HHS 
Glucose (mmol/l) 4.2-6.4 >14 >34 
Arterial pH 7.35-7.45 <7.3 >7.3 
Bicarbonate (mmol/l) 22-28 <15 >15 
Effective serum osmolality 275-295 <320 >320 
(mOsm/kg) 
Sodium (mmol/l) 136-145 134 (1.0) 149 (3.2) 
Potassium (mmol/l) 3.5-5.0 4.5 (0.13) 3.9 (0.2) 
Lactate (mmol/l) 0.56-2.2 2.4 3.9 


Values for sodium and potassium in DKA and HHS are mean (standard deviation). Source: adapted from Chiasson et al. 2003.! 


Patients with DKA tend to produce larger increases in some counter-regulatory hor- 
mones—catecholamines, growth hormones and cortisol—but not glucagon, inducing a 
greater degree of insulin resistance compared with patients with HHS. 

The treatment goals for HHS are improving circulatory volume and tissue perfusion, 
reducing serum glucose and plasma osmolality and correcting electrolyte imbalances, as 
well as identifying and treating precipitating factors (Figure 8.1). The choice of initial 
replacement fluid in patients with HHS remains debated. Some authorities advocate the 
use of hypotonic fluid (e.g. 0.45% saline) from the outset, whereas others advocate the 
initial use of isotonic fluid (0.9% saline) in the first hour followed by the use of 0.45% or 
0.9% saline, depending on corrected plasma sodium and the haemodynamic status of the 
patient. In the absence of clear evidence, it would be reasonable to firstly correct extracel- 
lular fluid depletion by infusing isotonic saline at a rate of 15-20 ml/kg/h (which is hypo- 
tonic to the patient’s extracellular fluid and remains restricted to the extracellular fluid 
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HHS 


Initiate fluid replacement with 
0.9% saline, followed by 0.45% saline. 
Watch for heart failure. 

In elderly patients CVP 
monitoring may be required 
(see text) 


Initiate insulin treatment (0.15 unit/kg) 
(see text) 
aim for plasma glucose lowering 
at a rate of <5 mmol/! per hour 


Consider potassium replacement 
when appropriate (see text) 


Identify and treat precipitating factors 
(e.g. acute myocardial infarction, 
sepsis, cardiac failure) 


Add dextrose infusion to saline 
replacement when glucose >14 mmol/l. 


Close monitoring of U+E, urine output 


Fig. 8.1 Management of HHS. 
CVP = central venous pressure; 
U+E = urea and electrolytes. 


When patient is taking orally: 
Stop intravenous insulin, refer to diabetes 


specialist nurse, identify predisposing factors to prevent 
future HHS admissions. In patients not previously 
on insulin, clarify if patient's glycaemia is suitable to 
be treated by oral hypoglycaemic agent or diet only 


compartment) in the first one to two hours until vital signs are stabilized, followed by the 
administration of hypotonic saline at a rate of 4-14 ml/kg/h with the aim of restoring 
deficits in both intracellular and extracellular compartments as well as ongoing fluid 
losses.? Dextrose should be added to replacement fluids when plasma glucose is around 
14 mmol/l, with administration of 5% or even 10% dextrose depending on the patient’s 
sodium level. Correction of the patient’s dehydration and hyperglycaemic state may result 
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in a transient false elevation of the observed plasma sodium, but when serum sodium is 
corrected for glucose levels—calculated as ([observed sodium] + 1.6 X [(plasma glucose 
—5.5)/5.5])—the level of serum sodium may, in fact, be stable or gradually improving. It is 
also important that changes in plasma osmolality do not exceed 3 mOsm/kg/h. In patients 
with renal or cardiac dysfunction, it is important to maintain close monitoring of fluid 
balance, occasionally by central venous pressure and/or pulmonary artery pressure 
monitoring, in order to avoid iatrogenic fluid overload. 

Insulin treatment should be initiated while the patient is being rehydrated with an 
initial bolus of 0.15 unit/kg (or 10 units soluble insulin) followed by continuous intra- 
venous insulin infusion at a rate of 0.1 unit/kg/h. Failure to reduce plasma glucose level by 
3—4 mmol/I/h is often due to inadequate hydration. The appropriate level of hydration 
reduces the amount of counter-regulatory hormones such as cortisol, growth hormones, 
glucagon and catecholamines, produced in response to stress, making cells more respon- 
sive to insulin. If hydration status is acceptable, insulin rate should be increased hourly 
until a decrease in plasma glucose of 3—4 mmol/I/h is achieved. Patients are considered to 
have recovered from HHS if effective osmolality is <315 mOsm/kg and the patient is alert, 
at which time intravenous insulin treatment can be discontinued. Some patients with 
HHS may not require long-term subcutaneous insulin treatment, with some requiring 
only dietary treatment at follow-up. 

Treatment with insulin and fluid typically results in a decline in plasma potassium 
levels, particularly in the first five hours of therapy. Potassium levels should therefore be 
monitored two-hourly in the first six hours and less frequently thereafter, with appro- 
priate correction (see Chapter 7). High osmolality, dehydration, contracted vascular vol- 
ume and increased blood viscosity associated with HHS increase the risk of thrombosis. 
Low-molecular-weight heparin should therefore be administered for prophylaxis in all 
patients with HHS. Physicians should also be aware of other potential treatment-related 
complications of HHS. Cerebral oedema can be prevented by correcting sodium and 
water deficits gradually and avoiding rapid decline in plasma glucose. A reduction in the 
partial pressure of oxygen caused by increased water in the lungs and reduced lung com- 
pliance may lead to adult respiratory distress syndrome. Finally, preventing, identifying 
and treating the underlying precipitant to HHS are paramount in order to reduce the 
incidence of HHS and to improve clinical outcomes of patients with this condition. 


Recent Developments 


KON 


1 While preliminary evidence supports the safety of subcutaneous insulin treatment in 
patients with mild to moderate DKA, the evidence for this mode of insulin replace- 
ment in patients with HHS is not available. Given the greater risks of drowsiness in 
patients with HHS, only the intravenous route of insulin replacement is recom- 
mended. 


2 Hypophosphataemia is seen regularly in patients with HHS. The theoretical benefit of 
phosphate replacement includes the prevention of respiratory depression, skeletal 
muscle weakness and risks of cardiac dysfunction. Conversely, excessive phosphate 
replacement can lead to tetanus, hypocalcaemia and soft-tissue calcification. There 
are currently no studies on the use of phosphate therapy for HHS. 
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Conclusion 


Patients who present with HHS are at high risk of death from their condition, often 

Ea because of the presence of conditions other than diabetes (e.g. stroke, myocardial infarc- 
tion or infection). The essential early management consists of rehydration, correcting 
hyperglycaemia, maintaining electrolyte balance as near normal as possible, anticoagula- 
tion and dealing with comorbidities.** The severe fluid and electrolyte abnormalities in 
HHS are a feature of the condition developing gradually. Once these are restored, renal 
function may return to normal and patients can often return to dietary or oral hypogly- 
caemic treatment for their diabetes. 
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Case History 


years. He can walk around the house with help but is otherwise confined to a wheelchair. 
He attends with his wife complaining that he is having recurrent blackouts. His wife has 
checked his blood sugar twice during these episodes and found it to be below 2.0 mmol/l. 
He takes Mixtard 30/70 twice daily and his glycosylated haemoglobin (HbA1¢) is 9.0%. 
His wife complains that his memory is deteriorating. 


A 48-year-old man has had type 1 diabetes for 30 years and multiple sclerosis for ten 


How should his hypoglycaemia be managed? 
What is the differential diagnosis of his memory loss? 


Does the presence of multiple sclerosis affect his diabetes management? 
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Background 


=N 


While better glycaemic control decreases the risks from diabetes, particularly in relation 
to microvascular complications, hypoglycaemia, or the fear of hypoglycaemia, is the 
major barrier to obtaining tight blood sugar control in most patients. It is easy to under- 
stand why this is so: hypoglycaemia is thought to be the cause of death in 2—4% of 
patients with type 1 diabetes. Severe hypoglycaemia, requiring help from another individ- 
ual, has an incidence of 50—150 episodes per 100 patient-years in type 1 diabetes; type 2 
patients treated with insulin have an incidence of hypoglycaemia about one-tenth of this, 
presumably largely because of coexistent insulin resistance. Attempts to tighten glycaemic 
control with insulin or oral hypoglycaemic drugs almost invariably increase the risk of 
hypoglycaemia—65% of patients in the Diabetes Control and Complications Trial 
(DCCT, type 1 diabetes) had at least one episode of severe hypoglycaemia, while 2% of 
patients using oral hypoglycaemics and 11% using insulin in the United Kingdom 
Prospective Diabetes Study (UKPDS, type 2 diabetes) had at least one episode.' Episodes 
of symptomatic hypoglycaemia occur up to two times per week on average in patients 
with type 1 diabetes and tight glycaemic control. 

Symptoms and signs of hypoglycaemia vary from person to person, as do the thresh- 
olds at which these develop, particularly if glycaemic control is poor or variable. Many 
episodes of hypoglycaemia are unrecognized, including those that occur during sleep. 
Patients with chronic hyperglycaemia may well experience hypoglycaemic symptoms at a 
higher threshold than those with tight control. The aim should be to achieve glycaemic 
control as tight as possible overall, while maintaining a blood glucose above 4.0 mmol/l. 
Triggers for hypoglycaemia include: excessive or mistimed insulin or insulin secreta- 
gogue; inadequate intake of carbohydrate—missed meals or dieting; decreased endoge- 
nous glucose production—alcohol intake or chronic liver disease; increased glucose 
utilization, as during exercise; increased sensitivity to insulin—after vigorous exercise, 
pituitary or adrenal failure; or decreased clearance of insulin in renal failure. 

Patients who are taking insulin or high doses of potent insulin secretagogues have 
already lost the first line of defence against hypoglycaemia, which is to decrease the 
amount of insulin in the circulation (Table 9.1). The next immediate response to hypo- 
glycaemia is to increase secretion of glucagon and adrenaline. Glucagon combats hypo- 
glycaemia by stimulating both glycogenolysis and gluconeogenesis. Adrenaline and nor- 
adrenaline are responsible for some of the warning signs of hypoglycaemia (adrenergic) 
and help combat hypoglycaemia by mobilizing other metabolic substrates including free 
fatty acids, glycerol, amino acids and lactate. More medium- to long-term protection 
from hypoglycaemia comes from increased secretion of cortisol and growth hormone. In 
patients with type 1 diabetes, the glucagon response to hypoglycaemia is blunted or lost. 
Thus, the major protection from hypoglycaemia comes from increased catecholamine 
secretion. In patients with diabetes, the glycaemic threshold for adrenaline release is often 
shifted to a lower glucose value. The patient may not, therefore, experience symptoms 
until a lower blood glucose value is reached and they may not be so able to combat de- 
veloping hypoglycaemia. This is particularly the case where there has been preceding 
repeated or severe hypoglycaemia. The concept of hypoglycaemia associated autonomic 
failure (HAAF) has been proposed.’ Exercise, even of relatively modest intensity, has a 
similar effect on blunting autonomic responses.* This phenomenon can be reversed by 
two to three weeks of strict avoidance of hypoglycaemia. 
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Glucose (mmol/l) Response 


4.0-6.0 Low physiologic blood glucose. In non-diabetic subjects insulin secretion is 
suppressed 

3.6-3.9 Start of counter-regulatory response. Increased secretion of glucagon and 
catecholamines 

3.1-3.5 Patient may begin to develop neurogenic symptoms: 
Adrenergic Cholinergic 
Palpitations Hunger 
Anxiety Sweating 
Tremor Paraesthesiae 

2.8-3.0 Neuroglycopaenic symptoms - behavioural change, cognitive dysfunction, 


focal neurological abnormalities, seizures, coma 


The above patient has both type 1 diabetes and multiple sclerosis. The pathogenesis of 
the latter is less well understood than that of type 1 diabetes but it is an inflammatory/ 
immune condition, and the two diseases are associated.* Autonomic function is often 
impaired in patients with multiple sclerosis. This is usually manifest as problems with 
bowel or bladder function or as abnormal cardiovascular reflexes, but may also lead to 
impaired hypoglycaemic warning signs. Repeated hypoglycaemia may lead to cognitive 
impairment. However, in this patient it is difficult to be clear that hypoglycaemia is lead- 
ing to cognitive changes. Patients with multiple sclerosis, especially those with progressive 
forms of the disease, may also suffer cognitive impairment.® 

The following might be useful in the management of the above patient (Figure 9.1). 


@ Review by a diabetes nurse specialist and a dietician to ensure that insulin is being 
given at the appropriate time and in the correct dose, and also that the patient knows 
how to deal with hypoglycaemic episodes. 


@ Psychological assessment should be considered to document the degree of cognitive 
impairment. 


@ Screen for contributory factors including psychological disturbance, renal impair- 
ment and adrenal failure. 


@ Review of his blood glucose diary to determine whether there is a pattern to hypogly- 
caemia and whether there are episodes that he is not detecting. If the patient is able, 
and willing, a full capillary blood glucose profile should be taken for several days— 
fasting, before and two hours after each meal, before bed and at least once during the 
night. If available, continuous subcutaneous blood glucose monitoring might be 
helpful. 


@ Even though his overall control is not good, cutting back on his insulin for a few weeks 
should decrease the risk of hypoglycaemic attacks and minimize wide variations in his 
blood glucose level. 
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Review 
Diet 
Exercise 


Insulin / drug 
Dose, Frequency, Timing 


, Fig. 9.1 Management of recurrent 
Consider HAAF hypoglycaemia. HAAF = hypoglycaemia 


Failure to recognize frequency of associated autonomic failure. 
mild hypoglycaemia 


Decrease dose short term to 
decrease risk of hypoglycaemia 


Careful monitoring 


Consider change of 
insulin dose or regime 


@ Consider a change of insulin. His pre-mixed insulin means that most of his control is 


coming from long-acting isophane insulin. He may agree a change to a basal bolus 
regime, at least until his hypoglycaemic episodes have become less of a problem. 
Short-acting analogue insulin, titrated if possible to his two-hour post-prandial blood 
glucose, should minimize his exposure to insulin during the day. Long-acting ana- 
logues have a flatter profile than conventional long-acting insulins and, used as part of 
a basal bolus regime, may keep background exposure to insulin to a minimum. 


Recent Developments 


KON 


1 


The effect of diabetes on cognitive function has been controversial. High-risk groups, 
including young children and the elderly, are at risk and may suffer mild to moderate 
impairment compared with their non-diabetic peers. Patients in the Diabetes Control 
and Complications Trial (DCCT) suffered an increased incidence of hypoglycaemia 
but they had no evidence of cognitive impairment. Chronic hyperglycaemia, as well as 
hypoglycaemia, is a risk factor for cognitive impairment in diabetes. A recent meta- 
analysis confirmed that patients with type 1 diabetes are at risk for mild to moderate 
cognitive impairment (Figure 9.2).” 


There is a greater understanding of the mechanisms underlying hypoglycaemic 
awareness and the counter-regulatory response. Recent data? suggest that ATP-sensi- 
tive Kt channels in the ventromedial hypothalamus play a critical role in sensing 
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Overall cognition | 
Intelligence paz P <0.001 


Crystalized intelligence OC P <0.01 
Fluid intelligence S | P <0.01 
Learning and memory 
Working memory 
Visual learning and immediate memory 
Verbal learning and immediate memory 
Visual delayed memory 
Verbal delayed memory 
Psychomotor activity and speed of 
information processing 
Psychomotor efficiency -= P <0.05 
Speed of information processing P <0.05 
Motor speed 
Attention 
Visual attention rr P <0.001 
Sustained attention -omm P <0.01 
Divided attention 
Selective attention 
Cognitive flexibility Sas | P <0.001 
Visual perception = P <0.001 
Language 
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Cognitive domains (the number of patients included) 


Fig. 9.2 Diabetes and Cognitive Performance. Effect sizes are shown with 95% confidence intervals 
comparing patients with type 1 diabetes and non-diabetic controls. Source: Brands et al. 2005.7 


hypoglycaemia. Closing the channels blunted autonomic responses to low blood glu- 
cose. Work in this area may open the way to therapeutic advances that may allow us to 
maintain tight glucose control while minimizing hypoglycaemia. 


3 One therapeutic advance that is attracting much attention is the use of incretin-like 
molecules to stimulate insulin release in response to food ingestion. Exenatide (syn- 
thetic exendin-4) is a 39 amino acid peptide with incretin activity. This molecule can 
improve glycaemic control in patients with type 2 diabetes and its use is not associated 
with blunting of the counter-regulatory response.’ 


Conclusion 


Hypoglycaemia is a major problem for patients who have insulin-dependent diabetes and 
cS who wish to maintain reasonably tight glycaemic control. While the latter is important to 
minimize the risk of complications, the aim should be to keep blood glucose >4.0 mmol/l 
at all times. Particular caution should be exercised when patients experience repeated 
hypoglycaemia, where there is nocturnal hypoglycaemia, or where the patient has lost 
hypoglycaemic warning symptoms and signs. After screening for contributory causes, the 
aim should be to cut back on the insulin, understanding that overall control might tem- 
porarily be compromised, so as to avoid hypoglycaemia for two to three weeks. The 
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appearance of hypoglycaemia should prompt a review of the dose and type of insulin, as 
well as the patient’s diet. Before making any changes, ensure as far as possible that 
reported symptoms are due to hypoglycaemia. 
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PROBLEM 


10 Diabetes and Acute Myocardial 
Infarction 


Case History 


A 54-year-old man with metformin-treated type 2 diabetes is admitted with myocardial 
(a infarction. He was diagnosed with diabetes three years ago, and has no microvascular 

complications. He stopped smoking two years ago, and has been taking lisinopril 

10 mg/day for hypertension. 


How should glycaemia be managed on the coronary care unit? 


Should he be discharged taking metformin? 


Background 


Q The risk of death and disability following myocardial infarction is higher in patients with 
S| diabetes or hyperglycaemia than in non-diabetic, euglycaemic patients. 
There are a number of factors which complicate the diagnosis of myocardial infarction 
in diabetes. 


@ Silent myocardial infarction is more common in diabetes and can be missed without 
an adequate index of suspicion. 


@ There is uncertainty about appropriate management of glycaemia. 


@ The presence of retinopathy has previously been cited as a reason to avoid thrombo- 
lysis in the patient with diabetes. 


@ There is ongoing uncertainty about the most appropriate revascularization strategy in 
diabetes. 


@ There is probably a need for a more intensive approach to secondary prophylaxis 
given the increased risk for patients with diabetes. 


Hyperglycaemia in response to myocardial infarction and an acute coronary syndrome 
is common—studies identify diabetes or ‘stress hyperglycaemia’ in up to 30% of admis- 
sions to coronary care units.’ The focus in this scenario will be on management of hyper- 
glycaemia in acute coronary syndromes. 

The University Group Diabetes Program Study* raised doubts about the safety of 
sulphonylureas in cardiovascular disease in 1976, though the United Kingdom Prospect- 
ive Diabetes Studies (UKPDS) 33 and 34° were reassuring that oral hypoglycaemics were 
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not, in themselves, harmful. Indeed, UKPDS 34* suggested a 7% ten-year mortality 
reduction in newly diagnosed, overweight patients treated with metformin. 

In 1995, the DIGAMI study? (Diabetes and Insulin-Glucose Infusion in Acute Myocar- 
dial Infarction) addressed whether intensive metabolic treatment with glucose insulin 
potassium (GIK) infusion followed by multidose insulin treatment in patients with dia- 
betes or hyperglycaemia and acute myocardial infarction improved prognosis. Myocar- 
dial infarction was defined as at least two periods of chest pain >15 minutes in duration, 
elevation of creatine kinase (CK) or lactate dehydrogenase (LDH) two standard devi- 
ations above reference range or development of Q waves in two consecutive electrocar 
diogram leads. Intensive glucose management required GIK infusion in all patients 
with diabetes or admission blood glucose >11 mmol/l, aiming for a glucose level of 
7-10 mmol/l, followed by four times daily insulin aiming for stable normoglycaemia. Of 
1240 patients screened, 620 were subsequently randomized and the relative risk of death 
was 30% lower in the intensively managed group. 


Recent Developments 


YAN) 1 DIGAMI-2° attempted to answer whether the reduction in mortality seen in DIGAMI 

WY was due to GIK, ongoing intensive glycaemic management with four-times daily 
insulin, both, or other factors such as structured follow-up or chance. Patients with 
diabetes or hyperglycaemia and myocardial infarction were randomized to GIK for 
24 hours followed by long-term subcutaneous insulin, GIK for 24 hours followed by 
standard glucose control, or standard treatment. Myocardial infarction was defined as 
chest pain of >15 minutes duration in the previous 24 hours and Q waves / ST-T wave 
deviation. Unfortunately, this study achieved neither recruitment targets nor separ- 
ation of glycaemia in the randomized groups. There was no evidence of harm or ben- 
efit in any of the groups. However, post hoc analysis of DIGAMI,° DIGAMI-2° and 
other studies, such as the Insulin in Intensive Care Study,’ identifies that hyper- 
glycaemia is closely associated with greater risk of death. 


2 These trials mean that a strategy to manage hyperglycaemia on an acute cardiac unit 
is generally demanded, though there are insufficient data for this to be robustly 
evidence-based—particularly with the advent of more sensitive markers of cardiac 
damage such as troponins making even the diagnosis of myocardial infarction prob- 
lematic. The suggested approach in patients with diabetes and acute coronary syn- 
drome is therefore pragmatic and outlined in Figure 10.1. The selection of an insulin 
intervention threshold of HbAIc 8% is to target achievable long-term glycaemic con- 
trol in patients where insulin therapy is most likely to succeed in reducing the long- 
term impact of microvascular complications. Data from Sweden’? suggest that glucose 
tolerance remains abnormal in at least one-quarter of those with ‘stress hyper- 
glycaemia’ and so glucose tolerance testing after recovery is also recommended in 
those not known previously to have diabetes. 


Conclusion 


The risk of death and disability in patients with diabetes or hyperglycaemia and an acute 
coronary syndrome is two or more times that of the non-diabetic, euglycaemic patients. 
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Acute coronary syndrome 


Stop usual hypoglycaemic treatment, start GIK and 
measure HbA1c 


HbA1c <8 HbA1c >8 
Restart usual treatment Offer / intensify insulin regimen 
If diabetes not previously 
diagnosed then GTT at 6 weeks 


Fig. 10.1 Diabetes and myocardial infarction. GTT = glucose tolerance test; GIK = glucose insulin potassium. 


Despite trials of intensive glycaemic management, there remains uncertainty about how 
best to manage these patients. A newer question of how to treat patients who have ‘tro- 
ponin-positive’ ischaemic cardiac pain and diabetes or hyperglycaemia is unlikely to be 
subjected to randomized trial. A pragmatic approach to glycaemia is suggested that limits 
exposure to severe hyperglycaemia at the time of an acute coronary syndrome and identi- 
fies patients at highest risk of microvascular complications following discharge from 
hospital. 
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Case History 


A 62-year-old man is admitted with a sudden episode of right hemiparesis consistent 
with an acute stroke. He is obese with a four-year history of type 2 diabetes and taking 
metformin and rosiglitazone. He does not smoke and drinks minimal amounts of alcohol. 
Clinically, he was in sinus rhythm and had no evidence of heart failure. 


Consider his risk factors for stroke. 
Consider short- and long-term outcome and acute management strategies. 


Does he require insulin treatment during his acute stroke? 


Background 


© 
Y A 


The risk of stroke in patients with diabetes mellitus is two- to three-fold higher than in 
people without diabetes. Diabetes doubles the risk of stroke recurrence, while stroke out- 
comes are often worse among patients with diabetes, e.g. a higher hospital and long-term 
stroke mortality, more residual functional disability, higher risk of stroke-related demen- 
tia as well as longer hospital stay. At one year, mortality rate was two-fold higher in 
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diabetes and after five years, only a fifth of patients with diabetes survive.' In the United 
Kingdom Prospective Diabetes Study (UKPDS), the odds ratio for case fatality in stroke 
was 1.37 per 1% increase in glycosylated haemoglobin (HbAIc). 

Differences in the clinical presentation of stroke in patients with diabetes compared 
to those without diabetes have been reported. Diabetes confers a greater ischaemic to 
haemorrhagic stroke ratio compared with the general population, a higher incidence of 
lacunar infarcts (small infarcts, less than 15 mm in diameter, often resulting in pure motor 
strokes), and a higher frequency of infratentorial (i.e. cerebellar, midbrain and brainstem) 
infarcts. In the stroke population younger than 55 years old, diabetes increases the risk of 
stroke by more than ten-fold. 

Hypertension, dyslipidaemia and atrial fibrillation are well-recognized risk factors for 
stroke. Components of the metabolic syndrome, both individually and collectively, such 
as insulin resistance, central obesity, impaired glucose tolerance, low high-density 
lipoprotein (HDL)-cholesterol and hyperinsulinaemia, have also been associated with an 
excess risk of stroke. Poor glycaemic control is an independent risk factor for fatal and 
non-fatal stroke, and plays an important role in the outcome from acute stroke. Prelimin- 
ary evidence has also emerged on the relationship between post-prandial hyperglycaemia 
and stroke mortality, while stress hyperglycaemia is now recognized to be a predictor of 
poor stroke outcome. Similarly, degrees of albuminuria have been shown to be a predic- 
tor of stroke in patients with diabetes, although no clear association has been observed for 
stroke mortality. Diabetic autonomic neuropathy is also another risk factor for stroke, 
and diabetic retinopathy is associated with an increased risk of ischaemic stroke and lacu- 
nar infarcts. 

Acute stroke should be treated aggressively in order to limit stroke volume and sub- 
sequent functional and neurological deficit. The mainstay of emergency treatment for 
stroke includes adequate control of hydration state, body temperature and blood glucose, 
early assessment for swallowing and the initiation of antiplatelet agents in patients with 
ischaemic stroke. A Cochrane meta-analysis involving 41 399 patients from nine random- 
ized clinical trials, which includes many patients with diabetes, has shown that aspirin, 
160-300 mg daily given by mouth, nasogastric tube or rectum, started within 48 hours of 
onset of a presumed ischaemic stroke, reduces the risk of death or dependency after six 
months without major risks of early haemorrhagic complications.” The standard main- 
tenance dose of aspirin for secondary prevention, meanwhile, is usually 75-150 mg daily, 
although there is theoretical evidence that patients with diabetes may require slightly 
higher doses of aspirin to achieve similar antiplatelet effects. A meta-analysis of trials of 
anticoagulation for acute stroke, however, found no difference in stroke outcomes, even 
in patients with embolic stroke. Thrombolysis with alteplase* when administered within 
three hours of acute stroke reduces stroke volume, but this is only feasible within a 
specialized setting with immediate access to emergency neuroimaging performed by 
a neuroradiologist. The presence of diabetes on admission, however, is associated with 
poor neurological outcome despite early revascularization with recombinant tissue 
plasminogen activator (rTPA). 

Early neurosurgical intervention is indicated in large posterior fossa stroke where 
evacuation of infarct or clot is clinically indicated, shunting for acute hydrocephalus and 
for patients with subarachnoid bleeds. The benefit of surgery in large hemispheric 
infarcts and moderate intracerebral bleeds is unclear and is being investigated. Neuro- 
protectant drugs have so far not been shown to be beneficial in ischaemic or haemor- 
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rhagic stroke, although several trials are still underway. A Cochrane meta-analysis, how- 
ever, showed that early use of nimodipine in patients with subarachnoid haemorrhage is 
associated with a 30% relative risk reduction due to the prevention or reversal of cerebral 
vasospasm. 

The presence of high blood pressure following an acute stroke is common and is 
in-dependently associated with an adverse prognosis due to promoting early recurrence 
and the development of fatal cerebral oedema in patients with ischaemic stroke and re- 
bleeding in those with haemorrhagic stroke. At present, the optimum management of 
blood pressure in the immediate post-stroke period is unclear. Acute blood pressure low- 
ering could improve outcome by reducing the risks of acute stroke recurrence or second- 
ary haemorrhagic complications while, conversely, may worsen outcome by reducing 
regional cerebral perfusion. It is suggested that in the absence of clear trial evidence, blood 
pressure should not be routinely lowered unless it is extreme (systolic blood pressure 
>220 mmHg) or associated with arterial dissection or cardiac ischaemia or failure, in 
which case cautious lowering (<15%) may be appropriate. Large studies are needed to 
address this important management issue. 


Recent Developments 


COY 


1 Benefits of intensive insulin treatment for ischaemic tissue protection have emerged. 
Insulin and glucose flux into ischaemic tissue is an important substrate for glycolysis 
and subsequent ATP synthesis, thereby attenuating ischaemia-induced decreases in 
ATP synthesis. This was supported by results from the Diabetes and Insulin-Glucose 
Infusion in Acute Myocardial Infarction (DIGAMI) study, where intensive insulin 
treatment improved survival at one year. Another study showed that intensive insulin 
therapy for patients admitted to a surgical intensive care unit (ICU) and treated to 
target glucose resulted in reduced in-hospital mortality, less neuropathy and shorter 
ICU stay. A ‘proof of concept’ pilot study was successfully implem-ented and forms 
the basis for a larger, ongoing Glucose Insulin in Stroke Trial (GIST) to assess the role 
of intravenous administration of glucose, potassium and insulin (GKI) for 24 hours 
on acute stroke.* 


2 The Controlling Hypertension and Hypotension Immediately Post-Stroke (CHHIPS) 
pilot trial,° which is a UK-based multicentre, randomized, double-blind, placebo- 
controlled, titrated dose trial, is underway to assess whether hypertension and relative 
hypotension, manipulated therapeutically in the first 24 hours following acute stroke, 
affects short-term outcome measures. 


3 Magnesium has been shown to be neuroprotective in experimental animal models of 
stroke. In a large randomized clinical trial, however, intravenous magnesium given 
within 12 hours of acute stroke did not significantly reduce mortality or disability, 
although it may be of benefit in lacunar strokes, a variant of stroke commonly seen in 
patients with diabetes.° 


Conclusion 


Patients with diabetes have considerably increased risk of cerebrovascular disease. 
However, general treatment recommendations as for non-diabetic patients apply 
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Acute stroke 


Stress hyperglycaemia 


Known diabetes (>11 mmol/I) 


If nil by mouth (NBM), stop usual hypoglycaemic 
treatment, start insulin infusion or subcutaneous insulin 
with dextrose infusion. Ensure adequate hydration 


Systolic blood pressure 
<160 mmHg, not drowsy and/or 
evidence of infarction CT scan: 
start aspirin (150-300 mg) or 

clopidogrel (75 mg) 
Ensure patient is on a statin and 
aim for BP <130/80 mmHg 
during follow-up 


HbA1c <7.5 
Restart usual treatment 
If diabetes not previously 
diagnosed GTT at 6 weeks 
HbA1c >7.5 
Offer / intensify insulin regimen 


Fig. 11.1 Diabetes and acute stroke. GTT = glucose tolerance test; CT = computed tomography; BP = blood 
pressure. 


(Figure 11.1). Supportive measures along with aspirin are now recommended in the acute 
phase, and aspirin is also considered beneficial for secondary prevention. Hypertension is 
the most important risk factor. Hyperlipidaemia and glycaemic control are also impor- 
tant.” At present, the role of intensive glycaemic control with insulin infusion in the acute 
phase followed by tight control with frequent insulin injections is not certain. 
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PROBLEM 


12 


Case 


Diabetes and Critical Limb Ischaemia 


History 


During a routine diabetes review, your patient tells you of the ongoing severe pains 
affecting his left foot. On examination, his left foot appeared very pale, was devoid of any 
pulses from his knee downwards and felt cold. His right foot was normal. He takes oral 
hypoglycaemics and his glycosylated haemoglobin (HbA1c) is reasonable at 7.3% 


Describe how you would investigate the acute problem. 
What are the likely outcomes of treatment? 


What secondary prevention strategies are important? 


Background 


“ay 
Q 
EN 


Peripheral arterial disease (PAD), defined as lower extremity arterial atherosclerosis, is 
common in people with diabetes.’ It is estimated to affect up to 8% of the diabetic popu- 
lation at the time of diagnosis. Diabetes confers a 10- to 16-fold increase in the lifetime 
risk of lower limb amputation compared with non-diabetes. Diabetes tends to cause 
more diffuse and more distal (i.e. infrapopliteal and tibial) atherosclerotic disease, often 
associated with vascular calcification. Two-thirds of patients with symptomatic PAD 
improve spontaneously or remain stable with fixed exercise limitation, while the remain- 
ing third have progressively deteriorating symptoms. About 2% of patients with intermit- 
tent claudication will eventually require some sort of amputation. There is no easy way of 
identifying which patients will get worse, but a poor outcome is closely linked to smoking 
and suboptimal risk factor control (such as low high-density lipoprotein [HDL], high 
low-density lipoprotein [LDL], central obesity and hyperglycaemia). Patients are also at 
significant high risk of developing cardiovascular disease.? In one study, 20% of patients 
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with intermittent claudication were shown to suffer a myocardial infarction over a 5-year 
period. Thus, the medical management of patients with PAD should not only be con- 
sidered in the context of lower limb salvage but also in terms of cardiovascular risk 
protection. 

PAD results in compromised blood supply to leg tissues, and to the vasa nervorum, 
resulting in ischaemic neuritis and continuous distal foot pain. Critical ischaemia occurs 
when lower limb circulation falls to a critical level at which the viability of distal tissues or 
the limb is at risk. This is defined by the European Consensus Document as ‘persistently 
recurring rest pain requiring regular analgesia for more than two weeks, or ulceration or 
gangrene of the foot and toes in combination with an ankle systolic pressure less than 
50 mmHg.’ Patients with diabetes and severe PAD may, however, not experience rest or 
night pain due to coexisting peripheral neuropathy, and may present to healthcare profes- 
sionals later in the course of disease. Not surprisingly, a much higher proportion of 
patients with diabetes will require surgical interventions. 


Clinical signs 


The limb is often cold and pale with hair-loss from the medial aspect of the leg. There is 
poor capillary refill and impaired venous filling of superficial veins. When critically 
ischaemic legs are elevated to an angle of 30 degrees, they will turn pale. Buerger’s test will 
also be positive: elevate the leg and then in the dependent position the microvasculature 
becomes dilated with blood rushing into the foot to give the appearance of hyperaemia. 
Evidence of trophic changes such as ulceration on pressure points or gangrene at the 
extremities is common. The latter is associated with tissue pallor and mottling, progress- 
ing to purple and then the characteristic black appearance due to haemoglobin break- 
down forming iron sulphide. 

The ankle-brachial pressure index (ABPI) involves the measurement of ankle systolic 
blood pressure with an ordinary blood-pressure cuff around the calf and a hand-held 
Doppler over the dorsalis pedis or posterior tibial pulses; an ABPI value >0.9 is normal 
while an ABPI value of <0.8 indicates PAD. A cut-off of 0.8 for ABPI is often used in var- 
ious epidemiological studies of diabetes and has been shown to be highly specific (99%) 
for PAD in the general population, while claudication and absence of pulses has a 95% 
specificity for PAD in the diabetic population. ABPI is usually <0.6 in patients with criti- 
cal lower limb ischaemia. Patients with diabetes may have falsely high ABPI readings due 
to calcified vessels. 


Treatment 


The incidence and outcomes from critical limb ischaemia are significantly worse among 
patients with diabetes, e.g. higher amputation rates and less successful outcomes from 
revascularization procedures (angioplasty or bypass grafting).* Patients should be seen 
urgently by a vascular specialist for further investigations, e.g. duplex ultrasonography 
and/or angiography, and for urgent treatment (Figure 12.1). The preferred treatment 
option is angioplasty or surgical bypass grafting with either autologous saphenous vein or 
an artificial graft. Angioplasty is ideal if the stenotic lesions are short and proximal, with 
surgical bypass as the next solution if angioplasty fails. Critical ischaemia threatens the 
viability of the limb and therefore some attempt at improving blood flow surgically is 
justified. In cases of an acute embolus, where the vascular occlusion is sudden and com- 
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Critical limb ischaemia 


Intensify medical management 


Consider intravenous insulin infusion by sliding scale 
Initiate antibiotic if evidence of concurrent infection 
Ensure adequate pain control 
Maximize patient's cardiovascular status as well as 
possible to reduce patient's anaesthetic risk 


Refer to vascular surgeon 
Consider starting patient on heparin 
(after discusssing with surgeon) 


Lower limb duplex scan 
Lower limb angiography 


Acute embolic occlusion Non-embolic occlusion 


Local thrombolysis Angioplasty 
Embolectomy Open surgical reconstructions 


Fig. 12.1 Management of critical limb ischaemia. 


plete, an embolectomy with a Fogarty catheter is the treatment of choice and can be done 
either with a local anaesthetic or with general anaesthesia. This is followed by anticoagu- 
lation. If the ischaemia is not severe and if the clot is more likely to be a thrombus, intra- 
arterial thrombolysis with recombinant tissue plasminogen activator (rTPA) may be the 
best method of treatment.* 

Sympathectomy is no longer thought to have a role for providing symptomatic control 
in patients with critical limb ischaemia because sclerosed arteries in diabetic patients have 
very little capacity to dilate after a sympathectomy. Prostacyclin infusions, however, may 
prolong the survival of critically ischaemic legs. 

Open surgical reconstructions for lower limb ischaemia are divided into supra- and in- 
frainguinal reconstructions. Suprainguinal vascular reconstructions, e.g. aorta—bifemoral 
bypass with Dacron grafts, often achieve high patency rates in the presence of a patent 
superficial femoral artery, while femoral—popliteal bypass or bypass to the crural arteries 
are often performed for infrainguinal occlusive disease. The latter may be preferred for 
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patients with diabetes since arterial occlusion in this group is often located more distally. 
Outcomes of percutaneous revascularization procedures, meanwhile, depend on various 
factors including the location and length of the lesion, stenosis and the presence of a col- 
lateral circulation. Patients with diabetes tend to have more severe arterial occlusive dis- 
ease below the knee and reduced distal collateral supply, resulting in a less favourable 
outcome in patients with diabetes compared with those without diabetes. Iliac artery 
stenting in patients with diabetes achieves a 90% patency rate at one year, although some 
groups have shown lower patency rates. The one-year patency rates after femoral artery 
interventions range from 29% to 80%, with diabetes associated with a less favourable out- 
come due to poorer collateral circulation. Importantly, in those diabetic patients with 
good collaterals, the patency rates were comparable to those of non-diabetic patients. For 
infrainguinal ischaemia, the outcomes of surgical revascularization in diabetes are similar 
to those without diabetes in terms of limb salvage. Overall, however, it appears that in 
patients with severe claudication or critical limb ischaemia, surgery seems to be superior 
to percutaneous revascularization procedures in the femoral, popliteal and infrapopliteal 
vessels, but with higher risks of cardiovascular morbidity and mortality." 


Recent Developments 


lan These are discussed in detail in Chapter 46 ‘Advances in management of peripheral vascu- 
J) lar disease’ 
Conclusion 


The initial approach to the patient with critical limb ischaemia will depend on the sever- 
ity of symptoms and the speed of onset. After thorough clinical assessment, and measure- 
ment of ABPI, consideration should be given to urgent angiography. Medical treatment 
of vascular risk factors is important in secondary prevention, but the major decisions to 
be made regarding acute treatment hinge upon whether embolectomy or reconstructive 
surgical treatment are indicated. 
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PROBLEM 
13 Perioperative Management of 
Diabetes 


Case History 


r= An overweight 57-year-old woman who takes metformin and insulin to treat type 2 
(= diabetes is to be admitted for elective hysterectomy. Blood pressure is well controlled and 
she is generally fit. 


How should her diabetes be managed to minimize perioperative risk? 


Background 


@ Ten to twenty-five per cent of people in hospital will have diabetes — both diagnosed and 
=Q] _ undiagnosed.’ Patients with diabetes are at higher risk of post-operative infection and 
transfer to intensive care settings. As many of these people will not be under the specific 
care of a diabetes specialist, clear guidance for patients and clinical staff is essential to 
reduce the risk of preventable errors in management. There is little research to support 
more than general recommendations about adjusting oral medications and using intra- 
venous insulin in the perioperative period. Most guidance is therefore pragmatic, as is the 
approach outlined below. 
Many factors will need to be considered to minimize the risk of surgery in this case. 
Some are generic to good surgical practice—such as the use of thromboprophylaxis— 
and others are more particular to a given patient and clinical setting, such as the degree of 
diabetes self-management that is desirable and possible. It is perhaps helpful to consider 
this problem in two stages—before and during elective admission. 


Before admission 


1 Risk factors for surgery associated with diabetes and being overweight, for example 
atheromatous vascular disease, renal dysfunction and thromboembolic risk, should 
be identified and a plan made. 


2 The presence of diabetes, current treatment regime and complications of diabetes 
should be recorded in the clinical notes. 
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There should be specific assessment of diabetes self-management skills so that the 
supervision of management of glycaemia while in hospital is appropriate. For ex- 
ample, if the patient administers their own insulin at home, clinical staff may be able 
to allow the patient to administer subcutaneous insulin doses while in hospital. Simi- 
larly, if the patient does home blood glucose monitoring, staff may allow the patient to 
monitor blood glucose levels where possible during admission. 


A plan for diabetes self-management arrangements while in hospital should be 
recorded in the clinical notes. 


There should be clear information about managing hypoglycaemic therapy in the 
lead-up to surgery. For example, the British National Formulary? recommends that 
metformin is suspended two days prior to general surgery because of the risk of lactic 
acidosis. Local guidance should be in place to organize timing of admission and starva- 
tion in the hours prior to surgery. Consequent insulin adjustment will be necessary— 
perhaps halving usual doses with breakfast for an afternoon operation and altering the 
timing/necessity of intravenous insulin. The plan for adjustment of usual hypo- 
glycaemic therapy prior to admission should be recorded in the clinical notes and 
clearly communicated with the patient. 


When pre-operative bloods are drawn, a glycosylated haemoglobin (HbAIc) should 
be taken if none is available from the previous 2-3 months. This helps identify 
patients with poor glycaemic control where hyperglycaemia is likely to be more prob- 
lematic during admission and in planning discharge and follow-up. 


During admission 


1 


Assuming that starvation and pre-admission management of glycaemia has been sat- 
isfactory, the next step is ensuring glycaemia is controlled during general anaesthesia. 
This may require a titrated continuous intravenous insulin and dextrose infusion— 
see recommendations in Figure 13.1. 


Clear parameters for the use of a titrated continuous intravenous insulin infusion 
should be recorded in the clinical notes. 


Hyperglycaemia alone is generally not a reason to cancel surgery. The financial and 
emotional costs of late cancellation can be high. If the patient is otherwise well, the 
use of a titrated continuous intravenous insulin infusion will be sufficient to achieve 
adequate glycaemic control. The suggested practice is to start an intravenous insulin 
infusion if fingerprick glucose is outside specific glucose parameters (5-15 mmol/l) or 
if a patient will not or is not able to eat and drink postoperatively within one or two 
hours. Evidence from intensive care settings suggests that tighter glycaemic control 
may be preferable if admission to a critical care bed is needed.* 


Hypoglycaemia (fingerprick glucose <4 mmol/l) will require correction with intra- 
venous glucose if the operation is not to be delayed or cancelled—see recommenda- 
tions in Figure 13.2. 


Once normal eating and drinking is re-established postoperatively, usual hypogly- 
caemic therapy can be instituted. The pre-operative HbAlc and monitoring of pre- 
meal and pre-bed fingerprick glucose levels will identify patients with poor glycaemic 
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control prior to discharge. Early referral to the diabetes team then ensures early adap- 
tation of current management and early follow-up after discharge. 


6 Clear recommendations about monitoring glycaemia postoperatively should be 
recorded in the clinical notes. Clear follow-up arrangements should also be recorded 
in the clinical notes. 


Management of hypoglycaemic therapy 


1. Omit all oral hypoglycaemic agents on day of operation and sulphonylureas (gliclazide, 
glibenclamide, glimepiride etc.) from the evening before 
1.1 Morning list 
Omit morning insulin 
Follow usual pre-operative fasting guidance for a morning list 


Check and record fingerprick glucose hourly from 06:00 am or time of admission 


e Ifless than 5 mmol/l start IV insulin, dextrose and potassium regimen. Only in 
this case, the first bag of fluid prescribed should be 500 ml 10% dextrose with 
10 mmol KCl at 85 ml/h 


e If greater than 15 mmol/l start IV insulin, dextrose and potassium regimen 


If patient able to eat on return to the ward, give usual oral hypoglycaemic agents 
and half usual morning insulin doses 


If patient cannot eat or drink, IV insulin, dextrose and potassium regimen should be 
started/continued 
1.2 Afternoon list 
1.2.1 Light breakfast, finished before 08:00 am with half usual morning insulin doses 
1.2.2 Follow usual pre-operative fasting guidance for an afternoon list 


1.2.3 Check fingerprick glucose hourly from 08:00 am or time of admission and record on 
insulin card 


If less than 5 mmol/l start IV insulin, dextrose and potassium regimen. Only in 
this case, the first bag of fluid prescribed should be 500 ml 10% dextrose with 
10 mmol KCI at 85 ml/h 


e If greater than 15 mmol/l start IV insulin, dextrose and potassium regimen 


If patient able to eat on return to the ward, give usual oral hypoglycaemic agents 
and usual insulin doses 


If patient cannot eat or drink, IV insulin, dextrose and potassium regimen should be 
started/continued 


2. Where IV insulin, dextrose and potassium regimen has been used, stop these and restart 
usual treatment when the patient is eating and drinking normally 


Fig. 13.1 Management of hypoglycaemic therapy. Source: Nottingham Diabetes Guidelines.’ 
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Continuous Intravenous Insulin Regimen Insulin Infusion 
Add 50 units of soluble insulin to 49.5 ml of 0.9% 
1. Where IV insulin is used, aim to maintain glucose saline togrea | tidal soluen. 
between 8 and 11 mmol/l to maintain adequate le 2 ee commonly used. 
metabolic control and reduce the risk of eE glucose between 
hypoglycaemia, particularly under anaesthesia. i 
Test stick Scale 1 Scale 2 Scale 3 
F ‘ A lucose Units/h Units/h Units/h 
2. Suggested regimen in boxes to right 2 l t / 
š i z <39 0.5 0.5 0.5 
2.1 Insulin and dextrose should both be delivered via 
4 i 3 i 4-6.9 0.5 1 2 
dedicated infusion devices through a non-return 
‘ 7-89 1 2 3 
device; 
10-14.9 2 3 4 
2.2 Adedicated cannula should be used for this 15-19.9 3 4 5 
purpose only; >20 4 5 6 
2.3 Renew infusion equipment (syringes, tubing etc.) 
every 24 hours and cannula every 48 hours. Scale 1: Daily insulin requirements <30 units 
Scale 2: Daily insulin requirements 30-60 units 
3. Stopping the regimen Scale 3: Daily insulin requirements >60 units 
e Insulin requirements may increase with 
3.1 Stop when the patient is eating and drinking intercurrent illness. 
normally and nausea/vomiting are controlled. e Use scale 2 unless BMI over 35 kg/m? where 
. ; S : scale 3 is advised. 
3.2 As the patient has type 2 diabetes, the insulin can 
be stopped at any time and the usual therapy Glucose Monitoring 
started at the time it is usually given. 1. Initially, monitor fingerprick glucose hourly. 
4. Institute fingerprick glucose monitoring before 2- When insulin infusion sable for? neursand 
l d'before bed patient conscious and no clinical changes, 
ao TE apns then monitor 2 hourly. 
Dextrose Infusion 
1. 1000 ml 5% dextrose with 40 mmol/l KCI. 
2. Start and continue infusion at 85 ml/h 
(1000 ml in 12 hours) until insulin infusion 
ceases. 
3. Prescribe additional fluid requirements 
separately. 
Fig. 13.2 Continuous Intravenous Insulin Regimen. BMI = body mass index. Source: Nottingham Diabetes 
Guidelines.” 
Conclusion 


Most perioperative diabetes management is managed by non-specialists. This requires 
guidance and support from diabetes teams to reduce the risk of preventable errors in 
management of glycaemia. Errors in management can delay procedures, delay discharge 
or expose the patient to unnecessary perioperative risk. The key to a successful outcome is 
clear communication between patient and clinicians and, perhaps more critically, 


between clinicians themselves. 
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PROBLEM 


14 The Hot Foot 


Case History 


You are called to see a 38-year-old warehouseman with long-standing type 1 diabetes. 
He has a painful, hot, red foot. There is a small plantar ulcer which has been present for 
some weeks. He has missed a number of recent clinic appointments, and his control is 
poor (glycosylated haemoglobin, HbA1c = 9.6%). 


How should he be managed? 
Does he need to come into hospital? 


Will he benefit from intensive insulin therapy? 


Background 


O A ‘hot foot in a patient with diabetes is an emergency as the integrity of the limb may be 
~Q] threatened. Rapid and structured treatment (Figure 14.1) allows timely attendance by 
physician, surgeon, podiatrist, orthotist and educator, acutely and for longer-term care. 
As the foot is hot, red and ulcerated, the likeliest diagnosis is infection. Alternate diag- 

noses should be considered where the diagnosis is less clear: 


@ Radiolucent foreign body 


@ Fracture 
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@ Acute (Charcot) neuroarthropathy 


@ Deep vein thrombosis 


Diabetic peripheral sensory neuropathy may mask a history of trauma sufficient for 
foreign body penetration. A radiolucent foreign body—such as a splinter or glass—may 
be invisible on plain X-ray. If a radiolucent foreign body is suspected, ultrasound exam- 
ination with a high-frequency transducer should be requested. 

Fracture, particularly of a metatarsal bone or fibula, can be overlooked on plain X-ray. 
Metatarsal fracture or minor tarsal fracture/dislocation in an insensate foot may herald 
acute (Charcot) neuroarthropathy. A high index of suspicion is needed to ensure appro- 
priate early immobilization. Chapter 44 deals with the acute neuroarthropathic (Charcot) 
foot in more detail. 


X-ray 
Fracture 
Foreign Body 
Osteomyelitis 


Consider other radiology 
Ultrasound 
Isotope bone scan 
MRI scan 


Assess degree of infection 


Mild 
(Superficial and 
spread <2 cm) 


Moderate 
(Deeper spread or >2 cm) 


Osteomyelitis 


Augmentin or 
Ciprofloxacin and 
Clindamycin 


Flucloxacillin or 
Clindamycin 


Fail or other recent 
antibiotics 


Augmentin or Flucloxacillin or 
Ciprofloxacin and Vancomycin and 


4-6 weeks course 

Ciprofloxacin and 

Clindamicin Ciprofloxacin and 
Metronidazole 


Clindamicin 


Fig. 14.1 Management of the hot foot. 
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It is difficult to provide definitive treatment guidance for diabetic foot ulceration with 
infection. However, a clinical assessment of the severity and likely organisms should pro- 
vide sufficient information to select appropriate blind antibiotic therapy. 


Severity of infection 
@ Mild—limited and superficial with no spread beyond 2 cm from the ulcer 
@ Moderate—superficial spread beyond 2 cm or to deeper structures 


@ Severe—infection with systemic upset 


Inpatient care is generally desirable to treat more severe infection. 


Microbiology 


@ Infections are commonly polymicrobial' — gram-positive cocci can be associated with 
gram-negative bacilli and/or anaerobes in a quarter of cases. Anaerobes are more 
commonly associated with a foul-smelling ulcer.’ 


@ Ulcer-base curettage and culture provides a better guide to the infecting (rather than 
colonizing) organism when compared with superficial swabs or needle aspiration.” 


@ Exposed bone is always associated with osteomyelitis. An ability to probe to bone, and 
larger (>2 cm by 2 cm) or deeper (>3 mm) ulcers are more likely to be associated with 
osteomyelitis. 


@ A plain X-ray at baseline (repeated after 2—4 weeks if normal), magnetic resonance 
imaging (MRI) scanning or empiric treatment of osteomyelitis are all reasonable 
approaches in suspected osteomyelitis.? MRI scanning has a sensitivity of approxi- 
mately 90% and specificity of nearly 100% for osteomyelitis. 


Appropriate choice of antibiotic’ 


Mild infection (mainly outpatient therapy): 


1 Flucloxacillin or clindamycin (penicillin-allergic patients) will target gram-positive 
organisms and are reasonable choices where there has been no recent antibiotic 
exposure. 


2 Where these antibiotics fail, or there has been other recent antibiotic exposure, the 
addition of ciprofloxacin or a change to amoxicillin/clavulinic acid will broaden cover 
to include gram-negative organisms. 


3 If methicillin-resistant Staphylococcus aureus (MRSA) is suspected and clindamycin 
has been ineffective, discussion with a microbiologist about local bacterial resistance 
would be appropriate. 


Moderate/severe infection (inpatient or outpatient therapy): 


1 Mixed infection should be treated with either amoxicillin/clavulanic acid or 
ciprofloxacin and clindamycin. 
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2 Where this is ineffective or oral therapy is inappropriate, the suggested practice is to 
use high-dose flucloxacillin (or vancomycin), ciprofloxacin and metronidazole until 
culture results are available to direct therapy. 


Osteomyelitis (inpatient or outpatient therapy): 


1 Where avoidance of amputation is a goal of therapy, a four- to six-week course of 
antibiotics may delay amputation or provide cure depending on the extent of bone 
involvement. Treatment frequently comprises initial intravenous therapy, followed by 
a prolonged course of oral antibiotics once response to therapy and sensitivities are 
known. 


2 Where blind outpatient therapy of osteomyelitis is appropriate, the suggested practice 
is to use a combination of oral ciprofloxacin and clindamycin and adjust this once 
response to therapy and sensitivities are known. 


3 The risk of failure is substantial and surgery may be necessary. 


The aetiology of ulceration is also usually mixed, with coexisting neuropathic and vas- 
cular disease. Each aetiology requires a focused approach to support resolution of the 
acute infection and healing of the ulcerated site. 


@ Approximately half of all people with diabetes will develop some degree of peripheral 
neuropathy. Coexisting motor neuropathy with abnormalities of joint flexibility 
caused by glycation of collagen causes clawing of toes and reduced flexibility of small 
joints. Muscular imbalance causes abnormal weight transfer during walking, with 
consequent ulceration and inhibition of healing—frequently at the first metatarsal 
head. A bespoke temporary walking cast with a cut-out over the ulcer can promote 
healing, pending transfer into bespoke footwear with a large toebox and pressure- 
relieving insoles. 


@ Critical ischaemia is unlikely in this case because the foot is warm. However, a bedside 
assessment of vascular supply—using Doppler ultrasound if necessary—may identify 
less severe degrees of peripheral vascular disease. Incompressible, calcified blood 
vessels—particularly associated with renal failure—can make clinical and Doppler 
assessment of peripheral vessels difficult to interpret. Treatment of infection with 
antibiotics would usually precede vascular intervention unless there is apparent crit- 
ical ischaemia or slow resolution of infection. 


@ Autonomic neuropathy with impaired sympathetic activity and abnormal arteriove- 
nous shunting causes functional impairment of vascular supply* with inappropriate 
diversion of blood flow, impaired control of infection and slow healing. Decreased 
sweat and sebaceous secretion causes dryness of the skin which is then prone to crack- 
ing and secondary infection. The use of a daily moisturizing routine may improve the 
suppleness of the skin. 


Recent Developments 


“en 1 Multiresistant strains of bacteria, particularly MRSA, are of increasing concern. 
Resistance to vancomycin as well as isolated resistance to the oxazolidinone, linezolid, 
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to the streptogramins, quinupristin and dalfopristin, and to the cyclic lipopeptide, 
daptomycin, has been identified. Spread by cross-contamination has the potential to 
establish resistant clones, causing endemic, untreatable infections. Rigorous attention 
to infection control and rapid MRSA testing are increasingly on the agenda of health- 
care providers and are needed to facilitate patient isolation and reduce cross-infection 
rates in healthcare institutions. 


2 Granulocyte colony—stimulating factor (G-CSF) induces neutrophil release from the 
bone marrow, improves neutrophil function and enhances host response to infection. 
A recent meta-analysis of five trials (167 patients) of G-CSF as adjunctive therapy for 
diabetic foot infections without critical ischaemia showed a reduction in likelihood of 
any surgical intervention (relative risk [RR] 0.38; 95% CI 0.20-0.69) and amputation 
(RR 0.41; CI 0.17-0.95).° Clinical improvement in infection and overall healing were 
not affected. The authors suggest that adjunctive G-CSF may be considered in limb- 
threatening infection, but identify long-term outcomes and overall cost effectiveness 
as important areas for study before definitive conclusions can de drawn. 


Conclusion 


In this case, infection seems the likeliest diagnosis, though a high index of suspicion for 
alternate diagnoses is needed. An assessment of general clinical status—including a care- 
ful examination of the contralateral limb—will guide a decision about admission for 
treatment. Usual bloods should be drawn to support this assessment, as well as evaluation 
of inflammatory markers (to track response to treatment) and blood cultures. A clinical 
assessment of the vascular supply and likelihood of osteomyelitis should be made, as 
should an attempt to gain material for culture by curettage of the base of the ulcer. 
X-ray in two planes should be requested and further imaging studies with MRI may be 
appropriate. 

Blind antibiotic therapy should be instituted, then adjusted once the initial response to 
therapy, antibiotic sensitivities and the likelihood of osteomyelitis are clearer. Poor gly- 
caemic control is associated with poorer leucocyte response to infection and glycaemic 
control should be intensified. 

Longer-term measures to support ulcer healing with pressure-relieving footwear 
should be instituted with immediate advice to temporarily cease work and reduce weight- 
bearing to an absolute minimum. 
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Case 


Insulin Pumps 


History 


A 25-year-old teacher with type 1 diabetes has unpredictable hypoglycaemia which she 
finds embarrassing in front of her class. She has been running her sugars high to avoid this 
and is worried about the consequences. She has read about insulin pump therapy and 
wishes to try this. 

Is she a candidate for treatment with an insulin pump? 

What are the potential benefits? 

Are there any pitfalls? 


Background 


C 


N 
N 


Insulin pump therapy uses a portable, programmable infusion pump to deliver a contin- 
uous subcutaneous infusion of insulin (CSII) to the patient. The infused insulin is gener- 
ally a rapid-acting insulin analogue to minimize lag in insulin delivery to the bloodstream 
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caused by di- and hexamerization of soluble insulin in subcutaneous tissues. A basal infu- 
sion rate is set to mimic physiological background insulin production and carbohydrate 
intake is matched to insulin boluses to mimic physiological prandial insulin release—as 
far as possible. This requires significant patient motivation so that the basal rate does not 
cause fasting hypo- or hyperglycaemia and prandial insulin boluses correspond appropri- 
ately to carbohydrate intake. 

Uptake of CSII has increased significantly following the publication of the DCCT 
(Diabetes Control and Complications Trial)! in which 42% of patients in the tight control 
group were on CSII for the last full year of study. Increased uptake of CSI has been sup- 
ported by technological developments that have reduced the size of insulin pumps and 
improved the systems to alert the user to equipment failure. Equipment failure was 
responsible for ketoacidosis and death in some of the earliest trials of insulin pump 
therapy. 

In many European industrialized nations and the United States, approximately 10% of 
patients with type 1 diabetes now use CSII to manage their diabetes. An economic analysis 
carried out by the National Institute for Health and Clinical Excellence in the United 
Kingdom identified the annual cost of CSII compared to multiple daily injections (MDI) 
as approximately £1400. This took into account the initial cost of the pump—designed for 
a three-year lifecycle before servicing/replacement, the cost of consumables and sub- 
tracted savings from reducing complications through improved glycaemic control. As 
these savings are reliant on reducing complications through improved glycaemic control, 
the guidance concluded that CSII should be reserved for patients with a high level of self- 
care who cannot maintain a glycosylated haemoglobin (HbAIc) <7.5% (<6.5% with 
microalbuminuria) without disabling hypoglycaemia, despite MDI with insulin ana- 
logues. It also concluded that a meaningful estimate of the cost of a quality-adjusted life- 
year for a patient with type 1 diabetes using CSI] rather than MDI was impossible to 
calculate. This was because of the difficulties in quantifying the economic cost of unpre- 
dictable hypoglycaemia and because MDI with newer insulin analogues had not been 
compared to CSI] with newer insulin pumps. 

CSII is effective in treating diabetes, but works best following structured education and 
with the support of an experienced diabetes care team (Figure 15.1). CSII is most effective 
in treating type 1 diabetes in a relatively narrow range of indications: 


@ where the dawn phenomenon makes nocturnal and morning blood sugar difficult to 
control; 


@ where there is significant day-to-day variability of glycaemia; 
@ where insulin requirements are relatively low. 


Reduction in HbA1c with CSI] is, on average, 0.5%, though observational studies suggest 
that this is in conjunction with a reduction in severe hypoglycaemic events,” body weight 
stability and modest improvement in quality of life measures. 


Recent Developments 


O 


1 A recent pooled analysis of randomized trials of CSII versus MDI regimens with pran- 
dial rapid-acting insulin analogues? showed that CSII was associated with a lowering 
of HbA1c of approximately 0.3%. However, high patient motivation within a trial set- 
ting and an inability to blind studies of CSII makes interpretation of data difficult. 
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High level of self-care 
HbA1c consistently >7.5% 
(6.5% with microalbuminuria) 


Structured education 


Assessment of carbohydrate 
requirement and distribution 


Mealtime 
(0.5-2.0 units/10 g) 


Correction boluses 
(1 unit per 2-3 mmol/l) 


Basal infusion 
(50% of total)* 


Source of advice and back-up 


Fig. 15.1 Approach to insulin pump therapy. *the background insulin dose usually varies during the 24-hour 
period. 


2 The role of CSII in children is not yet clear. There are undoubtedly patients in whom 
CSII reduces hospital admission and improves metabolic control by ensuring a con- 
stant supply of insulin. However, randomized trials of CSII and MDI have shown little 
difference in HbA1c or quality of life.* 


Conclusion 


It is important to assess the patient’s motivation for pump use and understanding of dia- 
5 betes, and assess whether there are psychological barriers to effective insulin pump use. 
For example, there may be a misunderstanding that an insulin pump is a closed-loop sys- 
tem that requires little or no user input. Also, body self-image is frequently affected in 
insulin pump users because diabetes becomes externally visible, and well-being becomes 
dependent upon technology rather than an injection that the patient knows has been 
given. 
Insulin pump therapy may also require significant educational input. The suggested 
usual practice is to ensure that carbohydrate counting and pre-prandial and bedtime 
blood glucose monitoring are incorporated as part of usual diabetes self-management 
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prior to a final decision about a trial of CSI. This ensures that an MDI regimen is opti- 
mized through dose adjustment of appropriate prandial and background insulins— 
including trials of both short- and long-acting analogue insulin. This may sufficiently 
reduce the impact of the unexpected hypoglycaemic attacks. CSII, then, remains an 
option but is unlikely to provide better glycaemic control. If, despite a high level of self- 
care of diabetes, disabling hypoglycaemia persists, then a trial of CSII is probably war- 
ranted. 

There is no definitive way to calculate starting rates of insulin administration for CSII. 
The suggested practice is to subtract 10-20% of the total daily dose of insulin used for 
MDI and to give half of this as background insulin, evenly delivered over 24 hours. The 
remainder is given as prandial insulin. Fine-tuning requires experience in insulin pump 
use. For example, checking the afternoon basal insulin rate requires measurement of 
blood glucose before, two hours after and four hours after deliberate omission of the 
lunchtime meal to ensure that the basal insulin rate does not cause fasting hypo- or 
hyperglycaemia. This process needs to be repeated for the basal rate overnight, at break- 
fast and at the evening meal. Prandial insulin is then adjusted by defining and adjusting a 
ratio of carbohydrate to insulin. The glycaemic index of the meal can be accounted for by 
varying the duration of administration of the mealtime bolus. 

With long-term commitment, CSI] may mitigate some of the problems that this 
25-year-old teacher is having with inter-prandial hypoglycaemia. However, efforts to 
optimize an MDI regime with dietetic support, education and trial of insulin analogue 
therapy would be reasonable; not least because such intervention is likely to provide a 
secure foundation for an effective trial of CSII. 


Further Reading 
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Case History 


A 28-year-old office worker with type 1 diabetes is training for a 10 km fun run. She can 

run for 3-4 km without problems but is finding it difficult to extend her training runs 
without becoming hypoglycaemic. Her general level of glycaemic control is satisfactory 
and she has no diabetic complications or other health problems. 


How would you manage her insulin therapy? 


What dietary advice would you give? 


Background 


@ The body selects fuel for muscles depending on the duration and intensity of exercise. 
~Q] Maintaining fuel supply for endurance running requires significant physiological adapt- 
ability. Initially, muscle activity is dependent upon muscle glucose, muscle glycogen and 
glucose from the peripheral circulation which enters muscle cells via the glucose trans- 
porter, GLUT4, which is an insulin-dependent mechanism. As exercise continues, insulin 
levels drop, while glucagon, adrenaline, noradrenaline, cortisol and growth hormone lev- 
els rise. This shift stimulates hepatic glycogenolysis and mobilization of triglycerides from 
fat. This allows muscle fuel supply to be maintained by sources not based on exhaustible 
muscle glycogen—glycerol is a substrate for hepatic gluconeogenesis, free fatty acids are 
used directly by exercising muscles and glucose derives from hepatic glycogenolysis. 
Training for endurance running also enhances efficiency in fuel use by increasing 
mitochondrial activity, the proportion of slow twitch muscle fibres and muscle capillary 
density. 
Type 1 diabetes may interfere with exercise in a number of ways: 
@ very fine adjustment of circulating insulin levels is difficult with subcutaneous insulin 
administration; 


@ inadequate insulin may inhibit initial uptake of glucose by muscle and cause exercise- 
induced hyperglycaemia and performance to suffer; 


@ excessive insulin may cause early hypoglycaemia or inhibition of lipolysis and hepatic 
glycogenolysis; 


@ physiological counter-regulatory hormone release during exercise may interfere with 
the recognition of hypoglycaemia; 
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Preparation 
Inject away from exercising muscle 


Reduce dose by 
(a) 25% (b) 50% (c) 75% 
depending on intensity (see text) 
if exercise >30 minutes 


Take 10-30 g rapid-acting carbohydrate 


Fig. 16.1 Management of insulin and 
Activity carbohydrate intake for exercise in a patient 


Low to medium intensity and with type 1 diabetes. 


less than 30 minutes 
(usually no extra carbohydrate required) 


20-30 g carbohydrate for 
every 30 minutes of prolonged exercise 


Recovery 
Early refuelling with 20-30 g rapid-acting 
and long-acting carbohydrate 


May need to decrease background insulin 


@ patients with longer duration of diabetes or antecedent hypoglycaemia may have 
blunted release of counter-regulatory hormones. This may also make hypoglycaemia 
difficult to detect'? and inhibit energy supply from triglycerides. 


The suggested approach is to divide exercise into preparation, activity and recovery to 
ensure that each phase is appropriately managed (Figure 16.1). Appropriate adjustment 
of insulin and carbohydrate intake for exercise will allow normal athletic performance in 
a patient with type 1 diabetes. However, a significant amount of trial and error is usually 
necessary. 


Preparation 


Insulin may be absorbed more rapidly from subcutaneous fat overlying exercising muscle, 
so use of an alternative insulin administration site is suggested—for example the 
abdomen, prior to jogging. Prandial insulin prior to exercise should also be reduced, par- 
ticularly if the exercise duration is over 30 minutes or so. To some extent this mimics nor- 
mal physiological lowering of insulin levels, and may reduce the risk of hypoglycaemia 
and allow a switch from carbohydrate to fatty acid as fuel. It is difficult to be prescriptive 
about prandial insulin reduction and experimentation is necessary. 
It is usual to reduce the insulin dose in proportion to perceived exercise intensity: 


@ by 25% if conversation is easy while exercising (walking—<65% of maximal oxygen 
uptake [VO,max]); 
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@ by 50% if it is difficult to complete a sentence (jogging—~75% VO,max); 
@ by 75% if talking is impossible (fast running, football—>80% VO,max). 


However, if blood sugar is high (>15 mmol/l) prior to exercise, this suggests that there 
is insufficient insulin to allow glucose entry into muscle and a small dose (1 or 2 units) of 
quick-acting insulin may be needed. 

Conversely, low blood sugar (<5 mmol/l) prior to exercise increases the risk of hypo- 
glycaemia, and 10-30 grams of rapid-acting carbohydrate should be taken in advance of 
exercise. Also, if it has not been possible to reduce insulin prior to exercise, rapid-acting 
carbohydrate usually needs to be taken. 


Activity 

Where exercise duration is less than 30 minutes, extra carbohydrate does not usually need 
to be taken during exercise. However, 20-30 grams of rapidly absorbed carbohydrate is 
usually needed every 30 minutes during prolonged exercise. This is usually taken either as 
a sports drink or as solid, rapidly digested carbohydrate. A sports drink has the benefit of 
supporting hydration. 


Recovery 


After exercise, the body replenishes depleted glycogen stores. This may cause a tendency 
toward hypoglycaemia for 4-8 hours or more, depending on the intensity and duration of 
exercise. Early refuelling is usually advised, with 10-30 grams of fast-acting carbohydrate 
after exercise, and longer-acting carbohydrate taken at the same time. The background 
insulin dose following exercise may also need to be cut by 30% or so to prevent late hypo- 
glycaemia. This will usually be the insulin taken before bed. Long-acting insulin ana- 
logues can be difficult to adjust in this situation because of their long half-life. 


Recent Developments 


KON 


Nuclear magnetic resonance (NMR) spectroscopy is a technique described relatively 
recently for non-invasive study of the metabolism of glucose. Glucose is labelled with 
13C—a stable isotope of carbon. °C-enriched glucose is infused at a fixed rate and 
insulin is co-administered to ‘clamp’ glycaemia and the stability of °C enrichment. 
Once at steady state, '°C glucose has a characteristic NMR signal and glucose disposal 
to muscle and liver can be followed.* This minimally invasive technique has signifi- 
cantly reduced or eliminated the need for liver and muscle biopsy during physiologi- 
cal study. One recent study has shown that carbohydrate during exercise is derived 
more from gluconeogenesis than from glycogenolysis in patients with type 1 diabetes 
compared to people without diabetes.* This observation and other ongoing studies 
should provide further insights into exercise physiology and so aid adaptation of 
insulin regimens for exercise in patients with diabetes. 


Conclusion 


The patient should be supported in her cardiovascular training because of the general 
benefits of increased physical activity. Early hypoglycaemia during activity suggests 
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inadequate preparation for exercise. The advice given will depend significantly on her 
insulin regimen. 


1 If she is on a basal bolus regimen, preparation for exercise is advised, as outlined 
above. 


2  Ifshe uses insulin pump therapy, preparation for exercise is again advised, as outlined 
above. The background insulin should be reduced approximately two hours prior to 
exercise, and may need to remain reduced for many hours after exercise. 


3 Ifshe is on a twice daily mixed regimen and does not wish to change to a basal bolus 
regimen, reduction in insulin dose prior to exercise may be difficult. The time—action 
profile of mixed insulins means that insulin reduction prior to exercise is likely to 
cause significant hyperglycaemia. It may be simpler to leave the insulin regimen stable, 
but take fast-acting carbohydrate prior to exercise. 


Finally, as her exercise programme improves insulin sensitivity, she may need to reduce 
both background and mealtime insulin doses to prevent hypoglycaemia. 


Further Reading 
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Case History 


A 16-year-old student has very poor glycaemic control with glycosylated haemoglobin 

i (HobA1c) 12.2%. At his first visit to the adult diabetes service he says that he does very few 
blood tests. He wishes to improve his control as he appreciates the potential for problems 
in the future. 


What approach would you take? 


How would you manage his insulin therapy? 


Background 


O Type 1 diabetes in adolescence can pose challenges to healthcare systems for which there 

=Q] are no easy answers. Adolescence is a time when patients take more responsibility for dia- 
betes self-management. Boundary-testing and risk-taking behaviour mean that poor gly- 
caemic control in type 1 diabetes is not unusual in adolescence and transition to adult 
services.’ Influencing diabetes self-management at this stage may have long-standing 
effects on beliefs and attitudes toward diabetes in adulthood. Diabetes education in child- 
hood is often directed toward parents or guardians. The greater independence that comes 
with adolescence often means that self-care strategies are inadequately applied and insuf- 
ficient to maintain good glycaemic control. Though adolescence confers some protection 
against incident complications of diabetes, these will develop as adult physiology becomes 
established. 

It is not unusual for adolescents with poor glycaemic control to have suffered repeated 
admissions to hospital—often with ketoacidosis—despite repeated efforts by healthcare 
staff to support lower-risk behaviour. The term ‘brittle diabetes’ has been coined to iden- 
tify ‘the patient whose life is constantly disrupted by episodes of hyper- or hypoglycaemia, 
whatever their cause’? Referral to adult/transitional services often means that the patient 
is re-evaluated by a new clinical team. Adequate handover of previous psychological inter- 
ventions and social circumstances is important as these are likely to be more useful in 
developing a successful treatment strategy than more ‘mechanistic’ medical information 
about insulin doses and sugar levels. 

A consultation—particularly in adolescence—is more likely to be effective if it is struc- 
tured toward an agreed common agenda than if it is disease- and complication-focused 
(Figure 17.1). The American Medical Association has developed guidance on a strategy 
to integrate preventive care into routine consultation with adolescents.* Though not 
specifically targeted to diabetes, it is a useful model. 


J 
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1 Gather information 

2 Further assess 

3 Identify and prioritize problems together 
4 Develop solutions together 


5 Followup 


Agree agenda 


Psychologist Specialist 
(if necessary) 


Medical review 


Patient aware of importance of 
glycaemic control 


Regular follow-up in 
appropriate clinic 


Telephone or e-mail contact 


Access to 


Carbohydrate counting 
Basal bolus insulin 
Analogue insulins 

Insulin pump therapy 


Fig. 17.1 Management of diabetes in adolescent patients. 


Recent Developments 


@ 


1 The National Health Service in the United Kingdom recently commissioned a review 
of educational and psychological interventions for adolescents with diabetes.* This 
was to determine if there were interventions which were effective in improving bio- 
logical or psychosocial outcomes. Sixty-two studies were included, which examined 
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interventions such as learning social and coping skills, individual and family therapy, 
learning problem-solving skills and diabetes-related education in both individual and 
group settings. Many had small to medium beneficial effects and the review noted that 
such interventions are already generally regarded as integral to clinical services. 
However, the review also commented that it was not clear whether stratification of 
interventions should be by stage of diabetes, age of patient or specific problem, and 
whether individual or group intervention was more effective. 


Conclusion 


Ideally, the first contact with adult services should be as part of a managed transition from 
paediatric services, rather than during an intercurrent metabolic crisis. Joint clinics and 
consultations are probably most effective in achieving this. Comprehensive psychological, 
medical and educational input may all be needed and it is important that these are 
appropriately prioritized as part of a jointly agreed management plan. For example, dys- 
functional home or school relationships, depression, illicit drug or alcohol use, lipohyper- 
trophy and poor knowledge or skills in diabetes management may individually or jointly 
contribute to poor overall control. 

Adolescence and the transition to adult diabetes services is frequently marked by inter- 
mittent outpatient attendance. Though this can be frustrating for healthcare providers, an 
overly punitive attitude is counter-productive, further reducing attendance and opportu- 
nities to support lower-risk behaviours. 

The HbA1c of 12.2% suggests significant under-dosing of insulin. If long-standing, 
this has potentially life-threatening consequences—if accompanied by episodes of meta- 
bolic decompensation—and also increases long-term risks of microvascular complica- 
tions. It is likely that the patient is aware of these risks. The most serious potential 
consequence of poor glycaemic control is death from ketoacidosis. It is important to 
ensure that the patient has access to clear information about self-management of hyper- 
glycaemia/illness and knows when and how to seek help. The family, school and other 
significant individuals or institutions should have access to a personalized diabetes man- 
agement plan and supplies so that a metabolic crisis can be swiftly and appropriately 
treated if the patient is unable to do this. 

For a female patient it is important to discuss pregnancy, as the poor glycaemic control 
described in this case history puts a foetus at unnecessary risk of malformation, and 
increases risk of pre-eclampsia and pre-term delivery. 

It is unlikely that the insulin regimen alone is the cause of poor glycaemic control. 
However, transition to adult services is an opportunity to provide structured diabetes 
education to ensure appropriate access to carbohydrate counting, basal bolus regimens, 
analogue insulin and insulin pump therapy. 
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Case 


Low-Carbohydrate Diets 


History 


A 55-year-old business man is referred to you because his diabetic control is deteriorating. 
He is overweight (body mass index 32 kg/m?) and is currently treated with metformin 500 
mg and gliclazide 80 mg—both twice daily. He has tried a number of diets without success 
and would like to know whether he might benefit from a low-carbohydrate diet. 


Is this dietary approach sensible in view of his diabetes? 
How should his oral hypoglycaemic drugs be managed? 
What benefits can he expect from the diet? 


Are there any ill effects he should be warned about? 


Background 


The notion that a low-carbohydrate diet may be beneficial has been around for well over a 
century. The diets have become very popular and the popular literature in this area has, 
until recently, advanced considerably more rapidly than the scientific literature. The book 
describing the Atkins diet has sold over ten million copies, and around a million people in 
the United Kingdom are currently using the diets at any one time. The macronutrient 
content of low-carbohydrate, high-protein diets is very different to that of the traditional 
diabetic diet (55% carbohydrate, 15% protein and 30% fat). The reluctance of the health 
professions to recommend and support patients in using these diets is, therefore, under- 
standable. 

The literature on low-carbohydrate diets in relation to diabetes was recently reviewed. ' 
Under normal circumstances, carbohydrate is the preferred metabolic fuel, and is oxi- 
dized in the body in preference to other fuels. When carbohydrate is consumed in excess, 


18 Low-carbohydrate diets 73 


it is turned into fat and stored. The body has very limited capacity to store either carbohy- 
drate or protein, but an enormous capacity to store fat. There has been considerable 
debate over the years about the optimal macronutrient content for a healthy diet. The 
current recommendations for a diet relatively high in carbohydrate arose from observa- 
tions that a diet high in carbohydrate, including substantial amounts of complex carbo- 
hydrate, had a favourable effect on glucose tolerance and lipid profile. Consumption of 
carbohydrate in excess of caloric needs gives rise to fat deposition, not only from the 
excess carbohydrate that is consumed, but also from other metabolic fuels. Low-carbohy- 
drate diets tend to be relatively high in protein. High-protein diets are not recommended 
in the long-term for patients with diabetes since they tend to increase progression of renal 
disease. However, there is evidence from short-term metabolic studies that high-protein 
intake improves carbohydrate tolerance. 

Severe carbohydrate restriction induces ketosis. This is an important adaptation to 
starvation. Ketone bodies are critical energy substrates for the brain and heart in times of 
calorie restriction. They allow vital organs to adapt to very low glucose concentrations by 
inducing expression of glucose transporter (GLUT4) and key enzymes in intermediary 
metabolism. It is not clear at present how strict carbohydrate restriction has to be for a 
low-carbohydrate diet to be effective. However, from published trials, it does appear that 
diets that at least have a period of severe restriction are more effective than those that 
advocate only modest carbohydrate restriction. What is clear from the published trials is 
that the diets are only effective if they are hypocaloric. Patients who are prone to, or have, 
type 2 diabetes experience wider fluctuations in their blood glucose than those without 
diabetes. This may be an important mechanism driving hunger: high blood glucose in a 
patient who is hyperinsulinaemic leads to a relative reactive hypoglycaemia, and the nor- 
mal response to this is to eat. Decreased glucose fluctuations, adaptation to a relatively low 
glucose state, and satiety induced by the high-protein content of the diets may all con- 
tribute to their effectiveness. There is now sufficient literature on this subject to allow the 
conclusion that the diets are safe for short- to medium-term use, and that they are effect- 
ive for periods up to six months. Care has to be taken that the diets are calorie restricted, 
and there are no grounds for recommending unrestricted consumption of fat to compen- 
sate for the reduction in carbohydrate. Like all diets, they will be most effective if they are 
used in conjunction with a programme of regular exercise (Figure 18.1). 

A recent short-term study by Boden et al.* confirmed that a low-carbohydrate diet 
decreased weight and improved insulin sensitivity in severely obese subjects (Figure 18.2). 
Even though subjects were allowed unrestricted fat and protein, the restricted nature of 
the diet led to a voluntary decrease in energy intake. A recent randomized trial by Aude 
and colleagues* demonstrates that a calorie-controlled diet with only modest carbohy- 
drate restriction is more effective than a standard low-calorie, low-fat diet. Gannon and 
Nuttall* studied the effects of a low-carbohydrate diet in a short-term study involving 
patients with type 2 diabetes. Dramatic improvements in glucose control were demon- 
strated. Fears that low-carbohydrate diets may worsen lipid profile are not borne out by 
recent studies. Indeed, a number of studies now clearly demonstrate improvements in 
features of the metabolic syndrome. We do not know about the long-term effects of low- 
carbohydrate diets, but we know enough to support patients in the use of these diets for 
periods up to six months. 
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Usual Diet Suggested Low-CHO Diet 
CHO 55% CHO 30% 


Protein 15% Protein 40% 
Fat 30% Fat 30% 


Optimize diabetes management 
prior to diet 


Stop sulphonylureas (risk of hypoglycaemia) 
continue with insulin sensitizers 


Fig. 18.1 Managing low- 
carbohydrate diet in patients with 
diabetes. CHO = carbohydrate. 


Agree programme of exercise 


Ensure diet is hypocaloric 


Review regularly 
Patient to monitor 
glycaemic state 

Diet for only up to 6 months | 


Recent Developments 


= 1 
(O) 


Low-carbohydrate diets are not recommended for routine management of patients 
with diabetes.® This is because carbohydrates are important sources of energy and car- 
bohydrate-containing foods also contain other important nutrients. The concept of 
glycaemic load has emerged. This is a notional product of the amount of carbohydrate 
consumed and the availability of the carbohydrate. High glycaemic load predisposes 
to obesity and glucose intolerance. Low glycaemic index (GI) diets, in which the car- 
bohydrate is slowly broken down and released, are currently very popular. A recent 
randomized, controlled trial of a low GI diet® confirmed the potential of such diets to 
improve glycaemic control in patients with type 2 diabetes. 


There is now considerable evidence that consumption of foods rich in whole-grain 
also improves carbohydrate tolerance. Extensive population-based studies have con- 
firmed that whole-grain consumption improves insulin sensitivity’ and decreases the 
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risk of developing type 2 diabetes.® It is not known whether these benefits are attribut- 
able to the complex carbohydrate components of whole-grain food or to micronutri- 
ents contained in such foods. 
Conclusion 


The patient is overweight and has poor diabetic control. Standard dietary approaches 
often do not work in such patients. Calorie restriction by whatever means will lead to 
weight loss and thus improvement in metabolic parameters. We are not in a position to 
recommend low-carbohydrate diets at present. However, many patients choose these 
diets and we need to offer sensible advice to them. There is no evidence that, when 
used for periods up to six months, there is any harmful effect from the use of a low- 
carbohydrate diet. 

There is no evidence base from which to draw recommendations on use of oral hypo- 
glycaemic drugs during this type of diet. The diet needs to be regarded as a short-term 
intervention rather than a long-term lifestyle change. It is certainly suggested that the 
patient stop taking gliclazide for the duration of his diet. The drug may limit his weight 
loss and could cause hypoglycaemia. His insulin sensitivity should improve as he loses 
weight and there would be an argument for seeing if he can manage without metformin 
as well. With limited carbohydrate intake, his glycaemic control is likely to improve. How- 
ever, as with any situation where treatment is altered, he should monitor his blood glucose 
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carefully and report any changes. The demonstration of improved glucose control, weight 
loss and reduction in therapy, in association with a diet that is not too restricted and does 
not leave the patient feeling permanently hungry, can be quite empowering for the patient 
who is sufficiently motivated and knowledgeable to adhere to a low-carbohydrate diet. 
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Case 


Treatments that Stimulate Insulin 
Production 


History 


A 62-year-old man with mild essential hypertension, but generally fit, was diagnosed with 
type 2 diabetes six months ago. He has altered his diet as suggested by his general 
practitioner and dietician, but his blood glucose remains high at 12-15 mmol/l, and is 
particularly high later in the day. He is not overweight and he has no family history of 
note. 


What is the best treatment for his diabetes? 
He would like to know if he is likely to require insulin therapy in the future. 


What are the chances of the first line of treatment chosen keeping his diabetes under 
control? 


Background 


© 


In the United States in 1990, there were around 23 million prescriptions issued for oral 
hypoglycaemic drugs. These were almost entirely for sulphonylureas. A decade later, the 
number of prescriptions had risen to over 90 million. While the variety of drugs had 
increased, sulphonylureas were still the most commonly prescribed drugs for type 2 dia- 
betes, and are the initial treatment of choice for patients who are not overweight (Figure 
19.1). The drugs bind to a complex of the sulphonylurea receptor (SUR) and an ATP- 
sensitive potassium channel (kir6.2) on the surface of the pancreatic beta cell. Binding of 
the drug leads to closure of the potassium channels, as a result of which potassium efflux is 
inhibited, the cell becomes depolarized, and calcium channels in the endoplasmic reticu- 
lum open. Contraction of microtubules in response to this leads to exocytosis of insulin.' 
The available sulphonylurea drugs include gliclazide, glibenclamide and glimepiride. All 
have similar potency in decreasing glycosylated haemoglobin (HbA1c) by between 1.0% 
and 1.5% in the short to medium term. The older sulphonylureas, tolbutamide (short- 
acting) and chlorpopamide (long-acting), are now rarely used. This group of drugs is 
generally well tolerated, sometimes causing mild gastrointestinal upset and occasionally 
causing allergic reactions. The most common side effects are weight gain and hypogly- 
caemia. One can expect a patient starting sulphonylureas to gain 2-5 kg in the first few 
months. Hypoglycaemia is generally mild but may affect up to 2% of treated patients per 
year. Glimepiride and modified-release gliclazide are convenient preparations as they can 
be taken once daily. 
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Review diet 


Patient education 
Weight gain 
Hypoglycaemia 


Short-acting Long-acting 
Repaglinide Gliclazide 
Nateglinide Glimepiride 


Start low dose 
e.g. glimepiride 1 mg 


Review every 6 to 8 weeks 


Patient to monitor glucose 
(2 days per week) 


Add insulin sensitizer 
if necessary 


Fig. 19.1 Management of type 2 diabetes with treatments that stimulate insulin production. 


Repaglinide, a benzoic acid derivative, and nateglinide, a phenylalanine derivative, 
bind to sites on the SUR distinct to those to which sulphonylureas bind. However, these 
agents have a more rapid onset of action and a shorter half-life. These agents specifically 
target the post-prandial increase in blood glucose. Repaglinide has potency, in terms of 
decreasing HbA1c, similar to that of the sulphonylureas, while nateglinide is a little less 
potent. Because of their shorter duration of action they are less likely to cause either 
hypoglycaemia or weight gain. Their major disadvantage is that they have to be taken 
three times per day with meals. Use is flexible in that the drug may be omitted if the 
patient chooses to skip a meal. 

Improved glycaemic control with insulin secretagogue treatment is often not sus- 
tained. Treatment failure is probably determined largely by factors within the beta cell 
leading to decreased insulin production with time, and with prolonged exposure to high 
glucose concentration. Secondary treatment failure occurs in about 5-7% of sulphony- 
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lurea-treated patients per year. A number of factors may contribute to failure, including 
deteriorating compliance with diet and exercise, the aging process, weight gain and pro- 
gressive insulin resistance. Recent data,* examining polymorphisms in insulin receptor 
substrate-1, confirm that both peripheral factors (i.e. outside the beta cell) and genetic 
factors may be important determinants of treatment failure. For patients who require 
insulin, a stepwise treatment approach is preferred. Janka et al.* recently compared two 
groups of patients with poor control on oral hypoglycaemic drugs: one group changed to 
twice daily mixed insulin, while the other group continued with metformin plus 
glimepiride but additionally took a single daily dose of insulin glargine. The latter group 
achieved better glycaemic control, with less hypoglycaemia, and a greater proportion of 
them reached the target HbAIc of 7.0% (Figure 19.2). 


Recent Developments 


The 37 amino acid hormone amylin is co-secreted with insulin and, like insulin, is 
deficient in patients with diabetes. Administration of pramlintide, a synthetic an- 
alogue of amylin, has been shown to improve glycaemic control, both in type 1 and 
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type 2 diabetes.*° The drug both decreases post-prandial excursions in glucagon and 
delays gastric emptying. By the combination of these two mechanisms, delivery of 
both exogenous glucose and endogenously produced glucose into the circulation is 
decreased. Glucose delivery is better matched to the available insulin. Use of the drug 
leads to decreased peak of glucose after eating, less pre-prandial hypoglycaemia and 
decreased oxidative stress associated with food intake. 


2 Glucagon-like peptide-1 (GLP-1) is an incretin hormone that when secreted physio- 
logically in response to food intake or administered exogenously both enhances 
insulin secretion and decreases secretion of glucagon. The hormone also has trophic 
effects on the pancreatic beta cell, a slowing effect on gastric emptying thus delaying 
glucose absorption, and a central effect in promoting satiety. Analogues of GLP-1 
including exenatide and liraglutide are now in an advanced stage of clinical trials. An 
alternative approach is inhibition of the enzyme dipeptidyl peptidase IV (DPP-IV), 
which is responsible for inactivating GLP-1.’ One major advantage of the DPP-IV 
inhibitors is that they can be administered orally. 


Conclusion 


As a lean individual who has almost certainly developed type 2 diabetes, the patient would 
be most suitably treated with a sulphonylurea drug. The dose of this can be gradually 
titrated upwards, according to response, in the two months after commencing treatment. 
The patient should be taught to understand what the treatment goals are and that the 
drug may not keep his diabetes under control indefinitely. He is relatively young and, with 
a sulphonylurea failure rate of around 5% per year, he may well require additional treat- 
ment in time. If treatment with sulphonylurea fails, the next step would generally be to 
consider treatment with an insulin sensitizer (metformin or a glitazone). Progressive pan- 
creatic failure with age and duration of diabetes, particularly if glycaemic control is poor, 
occurs in many patients with type 2 diabetes, but is by no means inevitable. A single daily 
bolus of long-acting insulin along with oral hypoglycaemic drugs may improve control 
for many years before the patient eventually becomes fully insulin dependent. 
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Insulin Resistance 


Case History 


A 55-year-old woman with hypertension and high cholesterol was diagnosed with 
diabetes six months ago. She has a body mass index of 29 kg/m? and has not lost 
significant weight since diagnosis. Her glycosylated haemoglobin (HbA1¢) is 8.5%. She is a 
non-smoker. 


Would you start her on drug therapy at this stage? 
If so, which would be your first drug of choice? 
How long would you wait to either start the first drug or step up her therapy? 


What would be the next drug of choice? 


Background 


© 
aaa, NS 


Metformin is generally the first drug of choice for the overweight patient with type 2 
diabetes. It is the only biguanide drug in general usage. It is inexpensive and safe. The drug 
acts peripherally by increasing insulin sensitivity, increasing peripheral glucose uptake and 
decreasing hepatic glucose output. Because the drug can cause severe lactic acidosis, it is 
relatively contraindicated in patients with renal, cardiac or hepatic failure. The drug can 
cause nausea, diarrhoea or other gastrointestinal side effects in up to 30% of patients. 
Sometimes these symptoms improve with time, and the vast majority of patients started on 
the drug are able to tolerate it. Because of its side effects, it is best administered with food. If 
only given once a day, the drug is best administered in the evening as it will decrease hepatic 
over-production of glucose overnight. In the United Kingdom Prospective Diabetes Study 
(UKPDS), 753 overweight, newly diagnosed type 2 diabetic patients with persisting fasting 
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hyperglycaemia in spite of dietary treatment were randomized in a trial.' The patients 
received diet therapy alone or with metformin. Those allocated metformin achieved a 
lower HbAIc (7.4% vs 8.0%), and experienced a 32% risk reduction for any diabetes- 
related endpoint, 42% reduction in diabetes-related death and 36% reduction for all-cause 
mortality. When compared to patients intensively treated with sulphonylureas or insulin, 
metformin-treated patients had fewer diabetes-related endpoints, fewer deaths from all 
causes and fewer strokes. Metformin remains the only hypoglycaemic drug that has been 
shown to decrease mortality in patients with type 2 diabetes. Recent data from the UKPDS 
group suggest that insulin resistance per se is not a potent cardiovascular risk factor, and 
the mechanisms through which metformin exerts its protective effect have yet to be eluci- 
dated. Apart from its ability to improve glycaemic control and protect against complica- 
tions, the major advantages of metformin are that it does not provoke weight gain or cause 
hypoglycaemia. 

Thiazolidinediones? are agonists at peroxisome proliferator-activated receptors-y 
(PPAR-y), which are predominantly present in adipocytes, pancreatic beta cells, vascular 
endothelial cells and macrophages. The drugs decrease fasting and post-prandial levels of 
both glucose and free fatty acids. Generally, use of the drugs decreases HbAIc by 1.0% to 
1.5%. This is slightly less than the hypoglycaemic effect seen with maximum doses of 
glibenclamide, glimepiride or metformin. It was initially hoped that the thiazolidine- 
diones might improve multiple features of the metabolic syndrome. However, no consist- 
ent effects on blood pressure have been documented. Various effects on lipid profile have 
been reported, with decreased plasma triglycerides being shown more often with pioglita- 
zone than rosiglitazone. PPAR-y is an essential transcription factor in the differentiation 
of adipocytes. PPAR-y agonists increase the number of small adipocytes in subcutaneous 
tissue. Enhanced lipogenesis through this mechanism, with consequent lowering of free 
fatty acid levels, may be one of the mechanisms through which the drugs improve insulin 
sensitivity. The drugs also have beneficial effects on adipocyte hormones, including 
increasing circulating levels of the protective hormone adiponectin. 

Increased subcutaneous adipose tissue is largely responsible for the 2-3 kg weight gain 
commonly experienced by patients starting a thiazolidinedione. It is possible that this 
weight gain may partially offset some of the benefits of the drug’s action on insulin resist- 
ance. In addition, the drugs also increase plasma renin activity leading to salt and water 
retention with oedema in some patients. Mild decreases in haemoglobin and haematocrit 
are also apparent in many patients. A liver test should be checked every six weeks or so after 
starting treatment and the drugs should probably be withdrawn if transaminase levels 
reach greater than three times normal. Thiazolidinediones are best regarded as second-line 
insulin-sensitizing drugs, for use in patients who are intolerant of metformin, and in those 
in whom first-line treatment with metformin or sulphonylurea fails. Thiazolidinediones 
can be given safely alone, in combination with either metformin or sulphonylurea, or as 
part of triple therapy with metformin plus sulphonylurea. They are not licensed for use 
with insulin because of risk of heart failure, although they may help in cases of severe 
insulin resistance. There are no long-term studies to demonstrate their benefit in prevent- 
ing the progression of diabetic complications. 

In patients whose first-line treatment with sulphonylurea fails, glitazones or metformin 
probably have similar effects in lowering HbA1c. The glitazones are probably preferable 
where insulin resistance is severe or where beta cell function is relatively normal. A recent 
meta-analysis? of 23 randomized controlled trials confirms that pioglitazone is slightly 
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superior to rosiglitazone in decreasing triglycerides and increasing high-density lipo- 
protein (HDL)-cholesterol levels. There has been considerable focus recently on post- 
prandial excursions of glucose and lipids as independent risk factors for cardiovascular 
disease. The glitazones may be slightly better than either metformin or sulphonylurea in 
blunting post-prandial increases in glucose.* 


Recent Developments 


i) 1 Anew class of drugs that combines PPAR-a and PPAR-y agonism is being developed. 
Ragaglitazar and ertiprotafib are drugs with such properties.” These drugs have 
similar hypoglycaemic potency to the existing glitazones but they have more potent 
actions in improving diabetic dyslipidaemia (Figure 20.1). PPAR-a is the molecular 
target for the fibrate group of drugs. 
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Fig. 20.1 Effects of a combined PPAR-a and PPAR-y agonist. Data shown are following treatment with the 
drug ragaglitazar over a 12-week period in patients with hypertriglyceridaemia and type 2 diabetes. The drug 
improved both glycaemic control (a) and lipid profile (b). At higher doses, ragaglitazar was more potent than 
pioglitazone (Pioglit). Source: Saad et al. 2004.° 
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2 The role of pro-inflammatory cytokines and adipokines in the pathogenesis of the 
metabolic syndrome is well documented. A novel compound that inhibits the 
inhibitor of kappa B kinase-B (IKK) upregulates adiponectin and decreases insulin 
resistance.° 


3 A completely new class of drugs are small-molecule insulino-mimetic drugs. A variety 
of vanadium compounds have the ability to activate components of the insulin 
signalling pathway,’ and other molecules act directly at the insulin receptor to pro- 
duce insulin-like effects.® These agents are in the preliminary stages of development 
at present. 


Conclusion 


This woman has multiple features of the metabolic syndrome and is at high risk of both 
micro- and macrovascular complications. Tight glycaemic control will help preserve her 
residual beta cell function and thus simplify her hypoglycaemic therapy in the medium to 
long term. The initial drug of first choice would be metformin. There are theoretical 
grounds in some patients (see above) for starting with a glitazone drug if the predomi- 
nant abnormality is insulin resistance or if the major abnormality of glucose is in the 
post-prandial state. There is no ready access to measures of these abnormalities in routine 
clinical practice. The dose of metformin may be gradually adjusted, according to her 
response, over a period of about three months. If she remained hyperglycaemic, add-in 
therapy with either sulphonylurea or glitazone should be considered. For most patients, 
sulphonylurea seems a logical choice since the patient would then be taking an insulin 
sensitizer and a secretagogue. However, there is strong evidence that metformin and glita- 
zone together are beneficial, particularly in patients with insulin resistance as the major 
abnormality. 
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Case 


Diabetes and Enteral Feeding 


History 


A 64-year-old woman who had a stroke eight weeks ago is referred to you because her 
diabetes control is erratic. She made a good functional recovery from her stroke but had 
persistent difficulty swallowing afterwards. Her calorie intake was judged to be 
insufficient and, after consultation with the patient and her family, she underwent 
insertion of a percutaneous endoscopic gastrostomy (PEG) tube. She has had diagnosed 
diabetes for eight years and was taking Mixtard insulin, 26 units in the morning and 20 
units in the evening. She will be able to be discharged once her nutrition and diabetes 
management is sorted out. 


How would you advise approaching her nutritional management? 
What would be the best approach to her insulin therapy? 
Is there any place for oral hypoglycaemic drugs? 


Should insulin-requiring diabetes be considered a relative contraindication to PEG 
feeding? 


Background 


NS 


Around 5% of the general population in the United Kingdom has a body mass index 
below 20 kg/m? and is, therefore, by definition underweight. Ten per cent of patients with 
chronic diseases are undernourished, and the figure rises to 20% when we consider those 
hospitalized for medical or surgical reasons. Undernutrition leads to impaired wound 
healing, decreased muscle strength and thus slower functional recovery, impaired im- 
munity leading to infection, decreased psychological health, and longer hospital stays. 
With recognition of these factors, along with availability of feeding methods and formu- 
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lations to meet individual patients’ needs, interest in the nutrition of the acutely and 
chronically unwell patient has increased. 

Enteral tube feeding (ETF)—nasogastric, nasojejunal, or through gastrostomy—is the 
preferred mode of feeding when nutritional support is required and the gastrointestinal 
tract is functionally intact. It should be considered in any patient who has a good prog- 
nosis but is unlikely to be able to sustain their projected calorie intake for more than 5-7 
days.' The decision to feed may be deferred if the patient is taking in more than 50% of 
their projected requirement. In general, feeds contain 1 kcal/ml, and use of 30 ml/kg body 
weight is recommended as a baseline requirement. More concentrated feeds (1.5 kcal/ml) 
are available. These may be appropriate for patients whose gastrointestinal losses are in- 
creased through diarrhoea or malabsorption, or whose calorie intake is increased because 
of wounds, burns, surgery or other hypercatabolic states. It follows that a 70 kg patient 
may require over 2 litres of feed per day, and this may give rise to problems because of 
the tonicity and volume of the feed. The available regimens and formulation types are 
summarized in Table 21.1. 


Table 21.1 
Formulation Regimen 
Polymeric Bolus 
Oligomeric Overnight 
Elemental Intermittent 
Continuous 


Polymeric or oligomeric (partially hydrolysed) feeds are preferable for patients with 
diabetes as they are less likely to cause large excursions in blood glucose. The carbo- 
hydrate content of feeds is generally high (45-90%). High-carbohydrate feeds tend to 
decrease high-density lipoprotein (HDL)-cholesterol and increase triglycerides. Formula- 
tions with added fibre may decrease diarrhoea associated with feeding, but it is not clear 
whether they are of benefit metabolically. Disease-specific formulations have proved to be 
of benefit in a number of areas. Diabetic formulations contain carbohydrate as starch and 
as fructose. While these do decrease excursions in blood glucose, it is not clear whether 
they are of long-term benefit in metabolic terms. It is important that the patient receives 
adequate calories and that this is covered by an appropriate amount of insulin in a 
suitable regimen. 

For the very ill patient, continuous feeding, with insulin administered intravenously in 
titrated doses using a pump, is probably the treatment of choice.” For recuperating, am- 
bulant or out-of-hospital patients, intermittent or bolus feeding is preferred. By estimat- 
ing energy requirements and tailoring oral hypoglycaemic or insulin therapy to the chosen 
regimen, it is possible to maintain good glycaemic control in patients with diabetes who 
are fed via a PEG tube.’ For insulin-requiring patients, the approach chosen will depend 
on the target level of control and the ability of the patient and their carers to cooperate. If 
PEG feed is administered continuously over a substantial part of the day, this may be best 
covered by an injection of isophane insulin given 15-30 minutes before the onset of feed- 
ing. Patients fed with a bolus regimen are best covered by injections of soluble or short- 
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acting analogue insulin (depending on the length of the infusion) given before, or at the 
start of, each feed. In addition, patients who are truly insulin-dependent may require back- 
ground insulin, the dose of which should be adjusted according to fasting glucose. 

Complications of PEG feeding include diarrhoea, bloating, reflux, constipation, skin 
infection and tube blockage or displacement. Patients should be monitored closely for 
metabolic abnormalities, particularly in the early days after starting feeding. These 
include hypo- or hypernatraemia, depending upon whether other fluid is being adminis- 
tered. Ten per cent to 30% of patients (irrespective of whether they have diabetes or not) 
become hyperglycaemic. Severely malnourished patients may develop refeeding syn- 
drome where initiation of feeding is associated with loss of intracellular, and therefore 
whole body, potassium, calcium, magnesium and phosphate. Many of these problems can 
be avoided by starting feeding gradually. 


Recent Developments 


CON 


1 The recently published FOOD (feed or ordinary diet) trials* add considerably to the 
body of knowledge on the approach to nutritional support following stroke. Routine 
oral dietary supplementation appeared not to influence outcome. Early, as opposed to 
late, ETF decreased mortality by 5.8%. Early PEG feeding was associated with 
increased adverse events. It seems clear, therefore, that nasogastric feeding should be 
considered early in dysphagic stroke patients whose prognosis is thought to be reason- 
able. PEG feeding should be reserved for a later stage if nasogastric feeding is not tol- 
erated or PEG is the preferred option of the patient and carers for the longer term. 


2 Ina randomized trial a traditional high-carbohydrate, low-fat feed was compared 
with a low-carbohydrate, high-monounsaturated fat feed in hospitalized patients with 
type 2 diabetes. The low-carbohydrate feed showed significant benefits in terms of 
glycaemic and lipid parameters. It is clear that further studies are required to deter- 
mine the optimal feed composition for patients with diabetes who require enteral 
feeding. 


Conclusion 


Early ETF via nasogastric tube is indicated in stroke patients. Those who make a good 
recovery and require long-term feeding may benefit from PEG feeding, if that is the wish 
of the patient and their carers, and if they are able to cope with it (Figure 21.1). Ideally, the 
diabetes management should be planned directly with the nutrition team. An assessment 
of the calorie needs should be made and periodic nutritional assessment should be 
undertaken. If the patient lacks endogenous insulin and is not administered suitable doses 
of exogenous insulin, they are unlikely to benefit from enteral feeding. Attempts should be 
made to match the profile of the insulin regimen to that of their food intake and to pro- 
vide sufficient background insulin to control fasting glucose. Oral hypoglycaemic drugs 
are not contraindicated, and are indeed preferred when the patient is not markedly hyper- 
glycaemic, where tight control is not sought, and where the patient, or their carers, would 
have difficulty coping with regular injections and monitoring. There is not a substantial 
body of published evidence in this area. However, there is every reason to believe that 
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stroke patients who require long-term nutritional support will benefit from tight 
glycaemic control as much as other patient groups do. 
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PROBLEM 


22 


Case 


Obesity and Diabetes 


History 


A 48-year-old man who has been obese all his adult life is referred because his diabetic 
control is deteriorating (glycosylated haemoglobin, HbA1c, 9.6%). Diabetes was 
diagnosed three years ago. He takes metformin, 1 g three times daily, and is also taking 
three different antihypertensive drugs and a statin. His current body mass index (BMI) is 
36 kg/m?. 

What are the options for his further management? 

Should pharmacological management of his obesity be considered? 

If so, which drug, and what should be done with his current drugs? 


Is he a candidate for surgical management of his obesity? 


Background 


The metabolic syndrome now affects approximately one in four adults in the United 
States. The increased frequency of this cluster of risk factors in recent years is partly due to 
the increased proportion of elderly individuals in the population, but is principally attrib- 
utable to the increased prevalence of obesity. In most developed countries, around one 
in five of the population is classed as obese (BMI >30 kg/m?) and half are classed as 
overweight or obese (BMI >25 kg/m’). There is a close association between being over- 
weight and the risk of developing diabetes. Even modestly overweight individuals (BMI 
27-28 kg/m?) have double the risk of diabetes of their ideal-weight counterparts; at a BMI 
of 40 kg/m’, this risk is increased 40-fold. On the other hand, even modest weight loss in 
those who are overweight can dramatically improve glucose tolerance—10% weight loss 
may decrease fasting blood glucose by up to 50%. 

The first stage in managing a patient who is overweight and has comorbidities is always 
to examine lifestyle factors (Figure 22.1). The range of options that are now known to be 
effective for both diet and exercise has increased in recent years. The patient’s drug treat- 
ment should also be reviewed since many of the drugs (including insulin) used for diabetes 
lead to weight gain as do other drugs—for example beta-blockers used in the management 
of hypertension. The two drugs widely available for weight loss and weight maintenance 
are orlistat and sibutramine. Other drugs are in advanced stages of development, and 
experience with surgical techniques to bring about weight loss is increasing, as is the 
evidence base relating to this modality. 
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Orlistat is a safe drug that is now licensed in the United Kingdom for long-term man- 
agement of obesity. The drug is an inhibitor of the lipase enzyme in the gut, and decreases 
dietary fat absorption by up to 30%. Gastrointestinal side effects are frequent, particularly 
if adherence to a low-fat diet is not strict. In a recent meta-analysis of published studies, 
mean weight loss over 12 months treatment with orlistat was 2.89 kg.' The most extensive 
single study with this drug is the XENDOS study (XENical in the prevention of Diabetes 
in Obese Subjects),? in which a large cohort of patients at high risk of diabetes were fol- 
lowed over four years. The modest weight loss observed was accompanied by a decreased 
incidence of new diabetes (6.2% in the treated group compared with 9.0% in the placebo 
arm). This study adds to a number of other important recent trials showing that lifestyle 
or pharmacological interventions to promote weight loss are effective in preventing, or 
delaying the onset of, type 2 diabetes. 

Sibutramine is a drug that promotes early satiety, thus reducing food intake and pro- 
moting weight loss. It is related to the selective serotonin reuptake inhibitor (SSRI) group 
of antidepressants and acts centrally by inhibiting the reuptake of serotonin and nor- 
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adrenaline. Because of its mechanism of action, the drug tends to increase pulse rate and 
blood pressure (mainly diastolic). Sibutramine can be used in hypertensive patients if 
their blood pressure is well controlled with other drugs. It should only be used with 
extreme caution and close monitoring in patients with ischaemic heart disease. Meta- 
analysis of trials confirms that sibutramine is slightly more effective than orlistat, pro- 
moting a mean weight reduction of 4.45 kg over twelve months.* The drug is not 
recommended for longer-term use because of its effects on pulse rate and blood pressure. 
When used in conjunction with metformin in patients with type 2 diabetes, the drug pro- 
motes weight loss, improves glucose tolerance, and has a favourable effect on lipid profile.* 


Recent Developments 


i) 1 Endogenous and exogenous cannabinoids have been shown, in a large number of 
studies, to stimulate appetite. This effect is mediated through the CB1 receptor in the 
brain, and is involved in mediating the central effects of appetite-modulating peptides 
such as leptin. Pharmacological CB1 receptor blockade decreases appetite, and in- 
creases adiponectin expression and peripheral thermogenesis through effects at recep- 
tors on adipocytes and skeletal muscle, respectively. The recently published RIO 
(Rimonabant In Obesity)-Europe trial? was a multicentre, randomized controlled 
trial of the CB1 antagonist rimonabant in over 1500 subjects who were either over- 
weight or obese and had a high prevalence of dyslipidaemia or hypertension. In asso- 
ciation with a hypocaloric diet, subjects taking 20 mg of rimonabant once daily lost 
a mean of 6.6 kg over a year. Weight loss was accompanied by improved insulin 
sensitivity and decreased waist circumference. 


2 The range of drugs available for patients who are overweight and have type 2 diabetes 
is increasing. These include agents related to glucagon-like peptide-1, or which pro- 
long the action of endogenous incretins (see Chapter 19). The antiepileptic drug topi- 
ramate has been shown in a number of studies to facilitate weight loss and has 
potential as a therapeutic agent in this area when other measures fail.® 


3 There is now considerable evidence demonstrating the effectiveness of bariatric surgi- 
cal procedures, and the number of operations being performed is increasing dramati- 
cally. A meta-analysis published recently’ confirms that diabetes resolves in around 
77% of cases. There is also improvement in hypertension, dyslipidaemia and obstruct- 
ive sleep apnoea. Important long-term data are beginning to emerge from the Swedish 
Obese Subjects Study? demonstrating improved activity and risk factor profile up to 
ten years after bariatric procedures. The effectiveness of surgical procedures to help 
those at high risk lose weight is now beyond dispute. However, it must be remembered 
that there is an appreciable complication rate from these procedures and that patients 
need dietetic, medical and other health professional input both before and long after 
surgery. 


Conclusion 


The patient’s risk factor profile will improve if he manages to lose significant weight. Ten 
per cent total body weight loss is a suitable early target. Many patients find this hard to 
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achieve with standard medical and dietetic input. Safe and effective drug treatments have 
been a major development in this area, but need to be used in conjunction with lifestyle 
management. This patient may benefit from drug treatment. His hypertension is prob- 
lematic. Sibutramine could be used for up to twelve months with careful monitoring of 
his blood pressure, but he requires three antihypertensive drugs, suggesting that his blood 
pressure has been difficult to control previously. Orlistat might be the preferred option 
initially. If he manages to achieve weight loss with this drug, and his blood pressure con- 
trol is not problematic, sibutramine might be considered at a later date. 

He should remain on his antihypertensives, although the need for three drugs should 
be reviewed if he loses weight. Metformin and orlistat together might give rise to gastro- 
intestinal side effects. However, metformin will help to keep blood glucose under control 
and may have the additional benefit of preserving his residual beta cell function. Bariatric 
surgery would be an option for this patient if medical treatment of his obesity failed. The 
most appropriate surgical approach would almost certainly be laparoscopic gastric band- 
ing. The decision to proceed to surgery is generally a matter of patient preference in the 
main. The diabetes team should try to ensure that he is medically fit for such a procedure, 
psychologically able to cope with it, and fully informed of the risks as well as the potential 
benefits. 
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PROBLEM 


23 


Case 


Diabetes in the Elderly 


History 


An 85-year-old woman who lives alone is referred because of deteriorating glycaemic 
control. She takes gliclazide 160 mg twice daily and metformin 850 mg three times daily. 
Glycosylated haemoglobin (HbA1¢) is 10.4% and she has hyperglycaemic symptoms. She 
rarely goes out and has latterly become quite forgetful. 

Does she require insulin? 


What are reasonable targets for her therapy? 


Background 


© 


aN 


Type 2 diabetes is common in the elderly, and becoming more common. Data from the 
National Health and Nutrition Evaluation Study (NHANES III) suggest that, by the age of 
75, up to 20% of the population will have developed diabetes with only half being diag- 
nosed.' The very elderly appear to be relatively protected from developing diabetes. There 
are a number of reasons for increased insulin resistance with age: alteration of body com- 
position with increased fat and decreased muscle (sarcopoenic obesity); decreased physi- 
cal activity; hormone changes that contribute to altered body composition and insulin 
resistance, including decreased growth hormone and insulin-like growth factor-1, 
decreased adrenal androgens and decreased testosterone in men; and increased produc- 
tion of cytokines including tumour necrosis factor-a and interleukin-6. Pancreatic beta 
cell function also declines with age, particularly in relation to the response to glucose. 

Type 1 diabetes can develop at any age, and many people with long-standing type 2 
diabetes become insulin dependent. Age should not, in itself, be a barrier to considering 
insulin therapy. Alterations in the innate immune system occur in individuals prone to 
type 2 diabetes. Autoantibodies are more common in the elderly, and up to 10% of elderly 
patients with diabetes have circulating autoantibodies directed against beta-cell antigens 
including glutamic acid decarboxylase and the protein tyrosine phosphatase IA-2.? 
Patients with this latent onset form of autoimmune diabetes may require insulin at an 
earlier stage than patients with type 2 diabetes. 

Symptoms of diabetes are similar to those in younger people, but may be masked 
because of general frailty or the presence of other chronic diseases. The thirst mechanism 
becomes blunted with age and the renal threshold for glucose increases. The classic symp- 
toms of thirst and polyuria may thus be less apparent in the elderly. There are some asso- 
ciations with diabetes that are generally only seen in the elderly: diabetic amyotrophy 
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(usually in men); malignant otitis externa; renal papillary necrosis; painful, limited move- 
ment of the shoulders; and a form of cachexia associated with diabetic neuropathy. 

Diabetes is the sixth most common cause of death in the elderly. In general, the pres- 
ence of diabetes in an elderly person diminishes life expectancy by four years. Death is 
commonly due to macrovascular complications. The condition is also linked to decreased 
quality of life, functional impairment and decreased cognitive function. Thus, as in the 
young, effective treatment of diabetes generally improves health and well-being. Risk of 
complications is related to duration of diabetes and the degree of glycaemic control. Note 
that other causes of visual or renal impairment are also much more common in the eld- 
erly. The target for glycaemic control depends on functional status, perceived prognosis 
and life expectancy, symptoms from diabetes and residential circumstances. There is a 
lack of evidence from randomized trials conducted specifically in the elderly population. 
Guide therapeutic targets are suggested in Table 23.1. Prevention of macrovascular dis- 
ease requires attention to multiple risk factors including dyslipidaemia and hypertension. 
For many patients, it may be of more benefit to focus on these risk factors rather than on 
trying to achieve very tight glycaemic control. 

A realistic approach to managing diabetes in the elderly is required. Many patients will 
not achieve target levels of control. The number of elderly patients taking medication, 
and the number of medications they are taking, is increasing. As the treatment regime 
becomes more complex, patient compliance becomes more of an issue. Around a third of 
elderly patients on oral hypoglycaemics use their drugs inconsistently. This should be 
considered before making the treatment regime more complex in a patient with deteri- 
orating control. 

Lifestyle factors should be reviewed before intensifying therapy. As with drugs, there is 
a limited evidence base relating to diet. Moderate, but not severe, calorie restriction is 
appropriate for obese subjects. Advice on reducing intake of refined carbohydrate and sat- 
urated fat should be reinforced. Many nutritional factors may influence glycaemic control 
in the elderly patient with diabetes. These include relative deficiencies of magnesium and 
zinc. Exercise is important, where this is possible, and even modest increases in walking 
activity or armchair exercises may help to improve glucose control. 

Sulphonylureas are the most widely used hypoglycaemic drugs, and are the first-line 
choice for those who are not very overweight. Potent and long-acting agents such as 
chlorpropamide and glibenclamide should be avoided. Once daily preparations such as 
glimepiride (1-6 mg/day) or the recently introduced gliclazide MR (30-120 mg/day) are 
preferred.* Metformin is the treatment of first choice for the obese patient. Age per se is 
not a risk factor for lactic acidosis but impairment of renal, hepatic and cardiac function 


Table 23.1 


Fasting Glucose 2 Hour Glucose HbA1c (%) 


(mmol/!) (mmol/l) 
Tight Control <7.0 <11.0 Hl 
Less Tight Control <10.0 <14.0 8.5 


Tight control is appropriate for a patient who is reasonably self-sufficient, able to deal 
with hypoglycaemia and intercurrent illness, and has a reasonable life expectancy. 
Less tight control is acceptable for patients who would not easily manage more 
intensive therapy and whose quality of life or life expectancy is limited. 
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is more common in the elderly. The a-glucosidase inhibitors, miglitol and acarbose, can 
reduce HbAlc modestly (0.5-0.8%). Although their use may be associated with gastro- 
intestinal side effects, they are very safe drugs. There is evidence supporting the use of the 
thiazolidinedione drugs, rosiglitazone and pioglitazone. The kinetics of these drugs are 
no different to those in younger subjects but there is increased tendency to anaemia and 
oedema in older patients. Blood count and liver tests should be monitored at regular 
intervals. Finally, the post-prandial glucose regulators, repaglinide and nateglinide, may 
be useful and may cause fewer problems with weight gain or hypoglycaemia compared 
with the sulphonylureas.* Their major problem is that they have to be taken three times a 
day. 

The use of insulin amongst elderly patients with diabetes is increasing. Diet, exercise 
and drug treatments should be reviewed prior to starting insulin (Figure 23.1). The 
patient’s prognosis, cognitive function, social circumstances, vision and willingness to 
comply should be taken into account prior to starting insulin and in setting realistic treat- 
ment goals. The possibility of depression or other mood disturbance should be consid- 
ered. All patients need to be educated about hypoglycaemia. Relatives, friends, carers or 
staff of residential facilities should be involved in the education process wherever possible. 
Possible regimens include: a single dose of isophane at night; twice daily isophane; twice 
daily premixed insulin; basal bolus with short-acting insulin at each meal; and back- 
ground long-acting insulin. Analogue insulins, both short-acting (lispro, aspart) and long- 
acting (glargine, detemir) are suitable for use in the elderly. Concurrent use of metformin 
helps to minimize the insulin dose and reduces weight gain. Night-time isophane can 
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often be combined with day-time sulphonylurea or post-prandial glucose regulator. A 
follow-up plan should be generated at the outset, and patients or their carers should have 
contact details in case problems should arise. 


Recen 
Ga) | 


t Developments 


Understanding of the nutritional factors that lead to obesity and insulin resistance is 
increasing rapidly. Nutritional management of the metabolic syndrome is likely to 
improve as this knowledge base develops and patients are increasingly diagnosed at an 
earlier stage. The role of vitamins and trace elements is increasingly recognized. Volpi 
and colleagues® recently demonstrated an anabolic effect of essential amino acid sup- 
plementation in the elderly. The potential to favourably influence body composition 
and insulin sensitivity without resort to pharmacological agents is becoming a real 
possibility. 


Management of obesity is improving generally, and there is an evolving core of know- 
ledge specifically relating to the elderly.® Diet, exercise, drugs and surgery are as effect- 
ive as in younger patient groups. Primary management of obesity can reduce a 
number of risk factors concurrently and can simplify drug regimes. 


The range of available treatments is increasing. A recent limited trial with glucagon- 
like peptide-1 (GLP-1)’ has shown that this peptide, delivered subcutaneously, can 
contribute to improved glycaemic control in the elderly without the risk of undesir- 
able weight gain. 


Conclusion 


Age is no barrier to insulin therapy. Indeed, increasing numbers of elderly patients are 

Ea requiring insulin. Before starting insulin, careful consideration should be given to the 
risks, as well as the potential benefits, and to the ability of the patient to cope with the 
treatment. Realistic treatment goals are required, as is a follow-up plan. Attention to diet 
and exercise, along with imaginative combinations of oral hypoglycaemic agents may 
obviate the need for insulin in some cases. Combination of insulin with metformin or 
other oral hypoglycaemic drugs may reduce both the dose of insulin and the number of 
injections. 
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24 Polycystic Ovarian Syndrome 


Case History 


A 34-year-old social worker is referred from the fertility clinic. She has recently married 
and wants to start a family. She has been trying to conceive for two years. Her periods 
are irregular, and she has a body mass index (BMI) of 34 kg/m? and mild hirsutism. A 
diagnosis of polycystic ovarian syndrome (PCOS) has been made previously. She takes 
metformin 500 mg three times daily, and has had diabetes for three years. Glycosylated 
haemoglobin (HbA1¢) is 8.2%. 


What are the considerations in her further treatment? 
What options are there for fertility treatment? 

How should her diabetes be managed? 

Will metformin help her to conceive? 

Should she continue metformin during pregnancy? 


Is there increased risk associated with the pregnancy? 


Background 


O Management is difficult and is best undertaken in a combined medical/gynaecology 
~| clinic. At least 75% of cases of anovulatory infertility are due to PCOS, and the condition 
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may affect at least 7% of the young female population. The syndrome is associated with 
morphological changes in the ovary (increased stroma and multiple 2-9 mm cysts), defec- 
tive gonadotrophin (follicle-stimulating hormone [FSH]]) action leading to impaired fol- 
licular development, increased luteinizing hormone (LH), hyperinsulin-aemia and high 
androgen levels. 

The primary aim of treatment should be to achieve weight loss (Figure 24.1), which 
will improve glycaemia control, increase the chances of conceiving and decrease the risks 
associated with pregnancy. Additionally, many local protocols exclude fertility treatment 
when the patient’s BMI is greater than 30 kg/m’. Loss of 10% body weight will allow 50% 
of women with PCOS to regain spontaneous ovulation within six months. Though 
patients with PCOS are generally overweight, 40% of relatively lean patients are insulin 
resistant and may also benefit from modest weight loss. 

Poor diabetic control increases the risk of fetal abnormalities, miscarriage and macro- 
somia. As with all diabetic patients, she should aim for near-normal glycaemia in advance 
of conceiving. There is probably no role for oral hypoglycaemics other than metformin as 
these would be stopped if she conceived. Strenuous attempts to improve glycaemic con- 
trol should be made with diet and exercise. This is best monitored with self-monitored 
blood glucose profiles as there is an intrinsic lag with HbAlc improvements. Mealtime, 
short-acting insulin may be needed at an early stage, with metformin used to treat fasting 
hyperglycaemia. The obvious disadvantage of insulin therapy is the potential for weight 
gain or impaired ability to lose weight. 

The potential benefits of metformin treatment in PCOS have attracted a great deal of 
interest in recent years.'? At 1.5-2.5 grams per day, the drug decreases insulin and an- 
drogen levels, and restores ovulation in a high proportion of patients. However, inducing 
spontaneous ovulation does not seem to normalize the rate of pregnancy. The drug does 
improve success rate when used alongside clomiphene (see below). The spontaneous 
abortion rate is increased in women with PCOS, and may affect as many as 40% of preg- 
nancies. This complication is decreased by metformin, perhaps through a decrease in 
plasminogen activator inhibitor-1. In women without pre-existing diabetes who become 
pregnant, metformin treatment decreases the risk of gestational diabetes. It may also 
improve the outcome of in vitro fertilization (IVF) treatment, particularly in non-obese 
women. Studies using metformin have generally been too short to document an improve- 
ment in hirsutism or acne, although there is slight evidence in favour of benefit. 

If lifestyle intervention and metformin treatment do not lead to successful pregnancy, 
clomiphene citrate is generally used as second-line treatment. This drug blocks the central 
oestrogen feedback mechanism and helps restore normal gonadotrophin secretion. A 
dose of 50-250 mg daily for five days, starting on day 2-5 after spontaneous bleeding, 
restores ovulation in 80% of cases, half of which become pregnant within six months. 
Obese and hyperinsulinaemic patients are less likely to respond. Clomiphene may use- 
fully be combined with dexamethasone to reduce androgen levels or with metformin to 
improve insulin sensitivity. There is current interest in the use of aromatase inhibitors to 
reduce oestrogenic feedback and thus restore normal, pulsatile gonadotrophin secretion. 
If these measures fail, most gynaecologists would then treat with exogenous gonado- 
trophin, starting with 50 IU per day of recombinant FSH repeated every 5-7 days, or 
given continuously in low dose. Human chorionic gonadotrophin can be given to induce 
ovulation once suitable follicle development has taken place. Success of gonadotrophin 
treatment may be increased by the concurrent use of gonadotrophin-releasing hormone 
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agonists or antagonists. For patients who do not achieve pregnancy with drug treatment, 
laparoscopic ovarian drilling, in which diathermy or laser is used to induce 4-10 lesions 
4-10 mm deep in the ovary, may be a useful option. Finally, for some patients the only 
option is IVF with embryo transfer. 


Recent Developments 


© 


1 Metformin treatment appears to be safe during pregnancy.” Benefits with continuing 
treatment may include decreased risk of spontaneous abortion, lower likelihood of 
gestational diabetes in those without pre-existing diabetes, and decreased insulin 
requirement in those who do need treatment for diabetes during pregnancy. 
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2 States of insulin resistance, including PCOS, are associated with a number of risk fac- 
tors for cardiovascular disease. This forms the basis for the current approach to treat- 
ment, but can provoke anxiety in generally healthy young women. It is not clear 
whether PCOS per se is actually associated with a marked increase in cardiovascular 
complications, and the risk profiles of PCOS patients may not differ substantially 
from age- and body weight-matched controls.* 


3 Other drugs that improve insulin sensitivity may have a role in management of PCOS, 
although experience of using these drugs around the time of pregnancy is very limited 
at present. Both pioglitazone® and rosiglitazone® have recently been shown to have 
beneficial effects in insulin-resistant women with PCOS. 


Conclusion 


Attention to diet and exercise with the aim of improving glycaemic control and restoring 
normal ovulatory function should be the primary goals in this case. However, this lady 
has been trying to conceive for two years and she is already in her mid-30s. The chances of 
her requiring treatment to help her conceive are, therefore, very high. The choice of fertil- 
ity treatment should take into account her age and metabolic state as well as her, and her 
partner’s, preference. Her glycaemic control is a matter for concern and she will probably 
require insulin treatment to achieve near-normal glycaemic control. She will require care- 
ful weight management, particularly if fertility treatment is contemplated. Anticipating 
that she may become pregnant, folic acid at a dose of 5 mg per day should be used from an 
early stage. Metformin does not appear to pose a risk in pregnancy and continued treat- 
ment during pregnancy may confer some benefits. 


Further Reading 


ip 


1 Stadtmauer LA, Wong BC, Oehninger S. Should patients with polycystic ovary syndrome be 
treated with metformin? Benefits of insulin sensitizing drugs in polycystic ovary syndrome— 
beyond ovulation induction. Hum Reprod 2002; 17: 3016-26. 


2 Lam PM, Cheung LP, Haines C. Revisit of metformin treatment in polycystic ovarian syndrome. 
Gynecol Endocrinol 2004; 19: 33-9. 


3 Glueck CJ, Bornovali S, Pranikoff J, Goldenberg N, Dharashivkar S, Wang P. Metformin, pre- 
eclampsia, and pregnancy outcomes in women with polycystic ovary syndrome. Diabet Med 
2004; 21: 829-36. 

4 Bickerton AST, Clark N, Meeking D, Shaw KM, Crook M, Lumb P, Turner C, Cummings MH. 


Cardiovascular risk in women with polycystic ovarian syndrome (PCOS). J Clin Pathol 2005; 58: 
151-4. 


5 Guido M, Romualdi D, Suriano R, Giuliani M, Costantini B, Apa R, Lanzone A. Effect of 
pioglitazone treatment on the adrenal androgen response to corticotrophin in obese patients 
with polycystic ovary syndrome. Hum Reprod 2004; 19: 534-9. 


6 Sepilian V, Nagamani M. Effects of rosiglitazone in obese women with polycystic ovary 
syndrome and severe insulin resistance. J Clin Endocrinol Metab 2005; 90: 60-5. 


25 Gestational diabetes 103 


PROBLEM 


25 


Gestational Diabetes 


Case History 


At 27 weeks’ gestation, glycosuria is detected in an overweight 31-year-old woman with 
no prior history of diabetes. The midwife checked a random fingerprick glucose level at 
8.2 mmol/l. The woman's pregnancy has been otherwise uncomplicated. 

What will you advise the primary care physician when he telephones? 


Is she likely to require insulin therapy? 


Background 


In normal pregnancy, placental production of diabetogenic hormones, such as growth 
hormone, corticotrophin-releasing hormone, placental lactogen and progesterone, 
induces maternal insulin resistance and compensatory hyperinsulinaemia. In some 
women, pancreatic insulin production cannot compensate for this insulin resistance and 
carbohydrate intolerance develops. Gestational diabetes mellitus (GDM) is defined as car- 
bohydrate intolerance that begins or is first diagnosed in pregnancy. Type 1 diabetes, type 
2 diabetes and monogenic diabetes can also present in pregnancy and care must be taken 
to differentiate these from true GDM, which should resolve after delivery. 

GDM is associated with significantly increased feto-maternal morbidity, with increased 
rates of pre-eclampsia, polyhydramnios and macrosomia. Feto-maternal injuries during 
birth and subsequent development of diabetes in the mother are also increased. Though 
the associations are clear, there is significant disagreement about screening and treatment 
strategies. This is largely because, until very recently, there have been no data linking 
screening for GDM to improved feto-maternal outcome. Because GDM is frequently asso- 
ciated with other adverse features, such as maternal obesity, it has not been clear whether 
intervening to treat modest hyperglycaemia is beneficial. Indeed, excessive lowering of 
maternal glycaemia has been hypothesized to cause fetal growth retardation. Birth injury 
consequent upon macrosomia is also rarely permanent. It has been estimated that 450 cae- 
sarean sections would need to be performed to prevent one permanent neurological dis- 
ability from shoulder dystocia. 

There are a number of screening strategies. 


1 Some centres advocate a stringent practice of universal screening for GDM. 


2 The American Diabetes Association’ currently recommends using an assessment of 
clinical risk factors at the first antenatal visit to support selective screening for GDM as 
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shown in Table 25.1. One-step or two-step screening/diagnostic strategies are then 
supported: 


@ The one-step approach may be more cost effective in women from ethnic groups 
at higher risk of GDM. A 100 gram 3-hour, or 75 gram 2-hour, oral glucose toler- 
ance test (oGTT) is performed with samples obtained at baseline and then hourly. 
GDM is diagnosed if two or more glucose values are abnormal (thresholds are 5.3, 
10.0, 8.6 and 7.8 mmol/l at 0, +1, +2 and +3 hours, respectively); 


@ The two-step strategy uses an initial 50 gram oral glucose challenge test (threshold 
of 7.8 mmol/l at +1 hour) to identify women at risk of GDM, who are then offered 
an oGTT as above. 


3 Another approach is to use risk factors to selectively screen women at high risk for ges- 
tational diabetes using a 75 gram oGTT at 28 weeks’ gestation. GDM is diagnosed if 
fasting glucose is =7.0 mmol/l or 2-hour glucose is =7.8 mmol/l. 


A recent review concluded that a lack of high-quality evidence meant that it was 
impossible to determine the effect that any of these strategies might have on neonatal and 
maternal outcomes.” 

Once GDM is diagnosed, there are three aspects to treatment: dietary modification, 
self-monitoring of blood glucose levels and insulin administration. Dietary modification 
stresses selection of a varied diet containing complex rather than simple carbohydrates. 
Some limitation of carbohydrate and fat intake is also usual—particularly carbohydrate 
at breakfast when insulin resistance is greatest. Emphasis is placed on weight maintenance 
rather than weight reduction. 

Current technologies mean that self-monitoring of blood glucose is relatively simple. 
The suggested practice is to advise pre- and post-prandial monitoring, with a pre- 
prandial target of 4-6 mmol/l and a 2-hour post-prandial target of 6-8 mmol/l. 
Post-prandial monitoring is recommended because one study reported that a 1-hour 
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Risk of GDM Risk factors Action 

High risk Any of: Screen at first visit. If normal, rescreen between 
Marked obesity 24 and 28 weeks’ gestation 
Personal history of GDM 
Glycosuria 


Strong family history of diabetes 


Average risk Neither high nor low risk Screen between 24 and 28 weeks’ gestation 
Low risk Any of: No screening necessary 
Age <25 years 


Weight normal before pregnancy 


Member of an ethnic group with a 
low prevalence of GDM 


No known diabetes in first-degree relatives 
No history of abnormal glucose tolerance 
No history of poor obstetric outcome 
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Screening for 
gestational diabetes 


Average Risk 


Screen at 
24-28 weeks 


Low Risk 


No screening | 


High Risk 


Screen at first visit 
and 24-28 weeks 


Diet advice 


Aim for: 
Pre-prandial 4-6 mmol/l 


Post-prandial 6-8 mmol/l 


Fig. 25.1 Screening for gestational diabetes. 


post-prandial target of <7.8 mmol/l compared with a pre-prandial target of 3.3- 
5.9 mmol/l was associated with a macrosomia rate of 12% versus 42% and a caesarean sec- 
tion rate of 12% versus 36%, respectively.* Similar pregnancy outcomes have been identi- 
fied if insulin is initiated, if either of maternal glycaemic targets of 6.7 mmol/l 
pre-prandially and 11.1 mmol/l post-prandially are breached, or if fetal abdominal 
circumference is greater than the 75th percentile for gestational age.* 

The suggested practice is to initiate twice daily pre-prandial insulin that contains a pre- 
mixed rapid-acting insulin analogue and intermediate-acting insulin. If glycaemic targets 
cannot be achieved with twice daily insulin, extra rapid-acting insulin or a basal bolus 
regimen is used. Oral hypoglycaemic agents are not routinely used, though small studies 
support the use of glibenclamide—which crosses the placenta minimally—in gestational 
diabetes. 

Once the placenta is delivered, carbohydrate intolerance improves. However, as the 
lifetime risk of developing diabetes is 50% or greater following gestational diabetes, it is 
usual to perform a 75 gram oGTT six weeks after delivery to determine glucose tolerance 
and then carry out further assessment every two to three years thereafter if this is normal. 


§04 Reproductive Complications 


Recent Developments 


KON 


1 The Australian Carbohydrate Intolerance Study in Pregnant Women (ACHOIS) trial 
has demonstrated a clear association between selective screening/intervention for ges- 
tational diabetes and improved pregnancy outcome. Women between 24 and 34 weeks’ 
gestation with a fasting glucose <7.8 mmol/l and blood glucose of 7.8 and 11.0 mmol/l 
before and two hours after a 75 gram oral glucose challenge, respectively, were ran- 
domized to either obstetric care with no further intervention in glycaemia, or active 
management of glycaemia to maintain pre-prandial glucose <5.5 mmol/l and 2-hour 
post-prandial glucose <7.0 mmol/l—an approach consistent with routine screening 
and treatment of gestational diabetes. Amongst 1000 women randomized, the com- 
posite primary outcome of perinatal death, shoulder dystocia, bone fracture and nerve 
palsy was 1% in the intervention group and 4% in the other group. There were no peri- 
natal deaths in the intervention group and five deaths in the other group. Macrosomia 
rates were also lower in the intervention group, but the caesarean section rate of 
approximately 30% was similar in both groups. Though intervention is clearly of ben- 
efit in some pregnancies, optimal screening and intervention thresholds are not yet 
clear. Two further studies are currently underway which should help answer these 
questions.®” 


Conclusion 


The woman in this case is at high risk of having gestational diabetes as she is overweight 
and the random glucose level is elevated. Although glycosuria may be the consequence of 
a low renal threshold for glucose, and there is no information given about the timing of 
the glucose sample, it would be reasonable to assess her carbohydrate tolerance further. 

Attendance is advised at a joint antenatal diabetes/obstetric clinic within a week, in a 
fasted state, to have a 75 gram oGTT performed as well as an assessment of fetal well- 
being and growth. A fasting glucose =7.0 mmol/l or 2-hour glucose =7.8 mmol/l would 
be diagnostic of gestational diabetes. A strong family history of diabetes, a personal or 
family history of autoimmune disease, ketonuria or a lean body habitus may indicate pre- 
existing type 2, monogenic or type 1 diabetes. She should receive dietetic education and 
test fingerprick plasma glucose pre-prandially, two hours post-prandially and before bed 
on a daily basis. The suggested approach to initiation of insulin is based upon the criteria 
of Schaefer-Graf et al.* as described above. Fortnightly obstetric/diabetes review should 
be organized, with delivery planned for the 38th week of gestation unless other problems 
supervene. Six weeks after delivery, she should have a 75 gram oGTT performed to define 
glucose tolerance. If this is normal, further assessment should take place on a two to three 
yearly basis. 
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Case History 


8.2% states that she is trying for a baby. She has had type 1 diabetes for 16 years and 
has mild background retinopathy. She takes lisinopril 10 mg per day as she has 
previously been noted to have microalbuminuria. She has never been pregnant before. 
She takes Mixtard insulin 32 units in the morning and 28 units in the evening. 


A 32-year-old solicitor with type 1 diabetes and glycosylated haemoglobin (HbA1c) of 


How would you advise her? 
Would you advise a change of insulin? 


When would you stop her lisinopril? 


Background 


The St Vincent declaration of 1989 ‘to achieve pregnancy outcome in the diabetic woman 
that approximates that of the non-diabetic womar’ has not yet been met. Recent reports 
from Northern European centres show that up to 20% of all pregnancies in women with 
type 1 diabetes are complicated by pre-eclampsia and 50% by macrosomia. Approx- 
imately 30% of deliveries are before 37 weeks’ gestation and at least 4% of babies have 


§04 Reproductive Complications 


severe congenital malformations—double the background population. However, where 
pregnancy is planned and the HbA1c in the first trimester is <7%, this excess risk is 
reduced by two-thirds—but it remains above the level of the background population. In 
the case described, a delay in conception would allow a fuller assessment of maternal 
health, specific interventions to prepare for pregnancy and an expectation of a reduction 
in potential complications. 

Issues generic to all pregnancies include usual pre-pregnancy assessments of general 
health, nutrition and vaccination status. Attention should be paid to the outcome of pre- 
vious attempts at conception and whether these are likely to influence a further potential 
pregnancy or delivery. Smoking should be discouraged and teratogenic medications 
should be stopped or modified if possible. 

In a woman with type 1 diabetes planning pregnancy, the commonest drug that 
requires intervention is an angiotensin-converting enzyme (ACE) inhibitor—usually pre- 
scribed for microalbuminuria. ACE inhibitors significantly disrupt normal fetal develop- 
ment in the second and third trimesters and have been associated with oligohydramnios, 
fetal and neonatal renal failure, bony malformations, limb contractures, pulmonary 
hypoplasia, prolonged hypotension and neonatal death. However, in pregnancies where 
ACE inhibitors are stopped in the first trimester there is no clear evidence of adverse 
outcome. Some clinicians continue an ACE inhibitor until pregnancy is established to 
maximize maternal renoprotection. 

Neural tube defects (NTD—anencephaly, spina bifida, encephalocele) are more com- 
mon in women with diabetes. Folic acid supplementation reduces the incidence of NTD 
by 70% or more in women at high risk of these defects' and is recommended for all 
women with diabetes. A dose of 5 mg daily is used in the United Kingdom (UK) for 
women with diabetes, which is a higher dose than that recommended to the general 
population. There is no evidence of harm from these higher doses of folic acid. 

Intensification of glycaemic control is advisable, aiming for a HbAlc <7% in line with 
the Diabetes Control and Complications Trial (DCCT) findings. With support and signif- 
icant effort, many women who are usually unable to maintain good glycaemic control can 
achieve excellent control in preparation for and during pregnancy. Most centres recom- 
mend a seven-point glucose profile—testing fingerprick glucose before and 1.5 to 2 hours 
after meals and before bed. The suggested practice is to aim for a pre-prandial glucose 
value between 4 and 6 mmol/l and post-prandial values between 6 and 8 mmol/l. 
Intermittent testing during the night, at 2 or 3 am, is also usually recommended to identify 
nocturnal hypoglycaemia that may otherwise go unrecognized. There is an acknowledged 
increased risk of hypoglycaemia with intensive glucose control and studies are relatively 
consistent in reporting that 40% of women will suffer at least one episode of (severe) 
hypoglycaemia requiring external assistance during pregnancy—a particular risk during 
the first trimester.* Warnings of hypoglycaemia may become reduced during pregnancy. 
One episode of hypoglycaemia may reduce the warning symptoms of subsequent hypo- 
glycaemia, so meticulous testing is also necessary to try and avoid the development of 
hypoglycaemia unawareness. 

Pregnancy is also associated with the development or worsening of diabetic retin- 
opathy. It is not clear whether pregnancy itself worsens retinopathy and how much a rapid 
improvement in glycaemic control may contribute—a situation analogous to the worsen- 
ing of retinopathy seen initially in the intensively treated cohort of the DCCT. The same 
risk factors for retinopathy outside pregnancy can identify patients at high risk of 
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retinopathy progressing during pregnancy—long duration of diabetes, higher grade of 
retinopathy, poor glycaemic control, hypertension and proteinuria. Laser photocoagula- 
tion can and should be offered if there is sight-threatening disease. 

Feto-maternal surveillance during pregnancy is frequent and will involve the diabetol- 
ogist, obstetrician, diabetes specialist nurse, dietician and midwife. 


@ Up to 20 weeks’ gestation, standard obstetric surveillance is offered, including screen- 
ing for Down’s syndrome and a detailed anatomical scan. Visits to intensify glycaemic 
control are as frequent as necessary. 


@ From 20 weeks’ to 28 weeks’ gestation, four-weekly ultrasound examination is offered, 
and two-weekly examination from 28 weeks to delivery. This is to assess growth 
(macrosomia or intrauterine growth restriction), amniotic fluid volume and fetal 
health through Doppler and biophysical studies. 


@ Unless there are particular indications, the aim is to continue the pregnancy to term 
(37 weeks’ gestation)—with delivery ideally at, or around, 38 weeks’ gestation. This 
balances the risks of macrosomia-related complications at delivery with the potential 
risk of late intrauterine fetal death. Late intrauterine fetal death still occurs in approx- 
imately 1 in 40 pregnancies, though modern obstetric and diabetes care mean that the 
incidence is much lower than in the 1950s where this rate was 1 in 3. 


@ Smoking cessation 

@ Low alcohol intake 

@ Folic acid 5 mg per day 

@ Aim for HbA1c <7.0% 

@ Basal bolus insulin if necessary 


Adueubaid-aig 


Up to 24 weeks 
@ Standard obstetric management 
Fig. 26.1 Management of type 1 
Then diabetes in pregnancy. 
@ See every 1 to 2 weeks for 
glycaemic control 
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20 weeks + 
@ 4-weekly ultrasound examination 


28 weeks + 
@ 2-weekly ultrasound examination 


Ideally around 38 weeks 
@ Return to pre-pregnancy insulin 
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@ There is no unequivocal evidence that routine caesarean section in women with dia- 
betes is necessary. There is also no unequivocal evidence that routine removal of the 
newborn to a neonatal intensive care bed is necessary. 


Recent Developments 


©) 


1 The safety of both short- and long-acting insulin analogues during pregnancy has 
been the subject of significant debate. It is unlikely that formal prospective, random- 
ized controlled trials will be done. The data that exist are mainly from retrospective or 
observational studies. Available data suggest that the rapid-acting insulin analogue, 
lispro, can be safely used in pregnancy and may even offer advantages in providing 
better glycaemic control.* Indeed, experimental data suggest that insulin lispro at 
usual therapeutic concentrations does not cross the placenta.* 


2 There are concerns over the long-acting insulin analogues, glargine and detemir— 
partly because of a lack of clinical experience in pregnancy. Insulin glargine has a 
higher insulin-like growth factor (IGF)-1 receptor affinity than human insulin. One 
study has identified a mitogenic effect on an osteosarcoma cell line. Human ovarian, 
breast and bone tumour growth and progression of diabetic retinopathy have also all 
been linked to IGF-1 stimulation. Detemir is not demonstrably safe in pregnancy, 
though many women have now completed pregnancies while using detemir as the 
background insulin. A large audit of these pregnancies is underway in the UK. Insulin 
detemir has a lower IGF-1 receptor affinity but has not been available long enough for 
study in pregnancy. 


Conclusion 


Smoking and alcohol consumption should be discouraged and daily folic acid supple- 
mentation should be encouraged—5 mg daily is recommended in the UK. Drugs that are 
potentially toxic to a fetus should be stopped. Glycaemic control should be intensified, 
with measurement of blood glucose before and 1.5 to 2 hours after meals, before bed and 
intermittently in the very early morning, aiming for a pre-conception HbAlc <7%. The 
types of insulin used should be discussed and optimized—perhaps avoiding long-acting 
analogues, but using short-acting analogues if appropriate to minimize prandial gly- 
caemic excursion. There should be a careful examination for complications of diabetes— 
particularly retinopathy and nephropathy (including an assessment of albumin excretion 
rate). 

It should be made clear that there will be an expectation of frequent feto-maternal 
monitoring and a hospital birth involving a joint obstetric/diabetes team. The risks of pre- 
eclampsia, pre-term delivery, Caesarean section, congenital malformation and perinatal 
morbidity should all be explained. Finally, it is probably reasonable to state that the major- 
ity of pregnancies have a happy outcome—once mother and baby have left hospital. 
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Erectile Dysfunction 


Case History 


A divorced 58-year-old publican with hypertension, dyslipidaemia and type 2 diabetes 
attends for annual review of diabetes. He is unable to get an erection satisfactory for 
intercourse and wishes to discuss treatments for erectile dysfunction. 


What investigations should be requested? 


What treatment can you offer? 


Background 
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Erectile dysfunction is defined as ‘an inability to acquire or maintain an erection satisfac- 
tory for sexual intercourse’. It is estimated to affect half of all men with diabetes in their 
50s, with an increasing prevalence each decade. As effective and acceptable treatments are 
now available, it is usual practice to ask specifically about erectile dysfunction at review of 
diabetes. An unambiguous enquiry is often needed because of reticence of the patient 
about such a discussion. A clear description of the problem is needed to clarify exactly 
what happens during attempted intercourse, so that appropriate investigation and treat- 
ment is planned. For example, performance anxiety or premature ejaculation may 
respond to non-pharmacological therapies. Depression or alcohol-induced erectile dys- 
function may respond to pharmacological therapy directed toward erectile dysfunction, 
but it may be more appropriate to treat the underlying problem. 

Normal erectile function requires integration of libido, sexual stimuli, relevant hor- 
mones and control of vascular inflow/outflow by local and central neurological activity. 
One or more sexual stimuli induce a local increase in parasympathetic tone and decrease 
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in sympathetic tone. Nitric oxide release then generates cyclic-GMP which relaxes local 
vasculature, increases blood flow into the corpus cavernosum and decreases blood flow 
out as trabecular muscle rapidly relaxes. Phosphodiesterase (PDE) type 5 breaks down 
cyclic-GMP in the penis. When breakdown exceeds generation, the process reverses and 
detumescence occurs. Disturbance of this complex system can result in erectile dysfunc- 
tion: 


diabetes, hypertension and dyslipidaemia can induce neurovascular damage; 


hyperprolactinaemia, hypothyroidism or a low testosterone may all induce erectile 
dysfunction through effects on mood and testosterone-sensitive nitric oxide pro- 
duction in the penis. Ten per cent of men with erectile dysfunction who undergo 
hormonal testing have abnormal laboratory results. Hyperprolactinaemia and hypo- 
thyroidism are relatively clear-cut diagnoses. A borderline testosterone can be difficult 
to interpret and treat—particularly in men who are overweight or have heavy alcohol 
consumption; 


spironolactone and cimetidine have oestrogenic properties and may interfere with 
hormonal control of erection; 


some antidopaminergic psychotropic medications induce hyperprolactinaemia and 
interfere with hormonal control of erection; 


thiazide diuretics and beta-blockers are associated with erectile dysfunction, though 
the mechanism is unclear. 


There are an increasing number of generally used treatment options for erectile 


dysfunction. 


1 


Orally active PDE-5 inhibitors reduce cyclic-GMP breakdown in the penis and are 
effective in reversing erectile dysfunction in approximately 60% of men with diabetes. 
In contrast to other treatment options, they only work if there is arousal as cyclic GMP 
must be generated for its breakdown to be inhibited. Currently available agents— 
sildenafil, tadalafil and vardenafil—differ minimally in clinical characteristics: 


@ all are associated with side effects of headache, flushing, rhinitis and dyspepsia in 
approximately 10% of patients; 


@ all are contraindicated in patients taking oral nitrates or alpha-blockers because of 
the risk of precipitating catastrophic hypotension; 


@ sildenafil cross-reacts with retinal PDE-6 and has been associated with visual 
problems;'? 


@ sildenafil and tadalafil should not be coprescribed with potent inhibitors of 
cytochrome P450 isoenzyme CYP3A4 (e.g. ketoconazole and certain protease 
inhibitors used in treatment of human immunodeficiency virus infection) as they 
may prolong the half-life of the PDE-5 inhibitor; 


@ tadalafil has the longest half-life, may be effective for up to 36 hours, and absorp- 
tion does not seem to be slowed by a high-fat meal; 


@ vardenafil should not be used in men with a genetic or acquired long QT interval 
as it causes minor prolongation of the QT interval. 


Fig. 27.1 Management of erectile 
dysfunction. 
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Enquire of all male 
patients about: 
Smoking 
Alcohol 
Drugs 
Depression 
Vascular disease 


Check prolactin and 
testosterone 


Consider counselling 
(with partner) 


Oral PDE-5 inhibitor 


Alprostadil 
Transurethral 
Intracavernosal 


Apomorphine 
(sublingual) 


Tumescence device 


2 Alprostadil (prostaglandin E; ) directly relaxes vascular smooth muscle within the cor- 


pus cavernosum. When administered by injection intracavernosally into the shaft of 
the penis or transurethrally it is effective in approximately 65% of men. Local pain 
and irritation are common side effects, but are rarer with transurethral administra- 
tion. Priapism is also more rare with transurethral administration, but must be treated 
urgently. 


Sublingual apomorphine is a more recently licensed treatment for erectile dysfunc- 
tion. It acts on central D1 or D2 receptors to stimulate an erection. The drug takes 
approximately 20 minutes to achieve its effect following sublingual administration. If 
swallowed, the drug is almost completely ineffective. In clinical trials* it is effective in 
approximately 40% of men, though its effectiveness in men with diabetes is uncertain. 
Headaches, nausea and yawning occur in over 5% of users, though these effects are 
dose dependent and may reduce with repeated exposure. Cardiovascular cautions for 
prescribing are similar to those for the PDE-5 inhibitors. 
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4 Vacuum tumescence devices use negative pressure to draw blood into the penis, and a 
constrictive band at the base of the penis restricts outflow. This prevents ejaculation 
and does not provide an erection along the whole shaft of the penis. 


5 Penile prostheses—a malleable rod or inflatable device placed within the shaft of the 
penis—are very rarely used. 


Recent Developments 


KON 


1 There have been a number of reports of sudden death in men using sildenafil—despite 
the precautions outlined above. PDE-5 inhibitors are not associated with changes in 
coronary blood flow and their role in precipitating sudden coronary death is not cer- 
tain. It is recommended that use of PDE-5 inhibitors is avoided in men with unstable 
coronary artery disease, recent myocardial infarction and severe hypotension. 


2 Soon after sildenafil became available, there were reports of transient changes in 
colour vision.’ Blue vision affects approximately 3% of men using sildenafil and does 
not seem to be a clinically significant problem. There have been no reports of blue 
vision with vardenafil and tadalafil. More recently, there have been reports of non- 
arteritic optic ischaemic neuropathy (NAOIN) associated with sildenafil.2 NAOIN has 
been associated with permanent unilateral or bilateral reduction in visual acuity. 
Though the mechanism of action is uncertain, it is known that sildenafil cross-reacts 
with retinal PDE-6. All reported cases were in patients with an adverse cardiovascular 
risk profile and it may be prudent to avoid sildenafil use in such patients. However, the 
risk of permanent visual loss is minimal and rare side effects of the newer PDE-5 
inhibitors may not yet have come to light. 


Conclusion 


A full history and examination must be taken to identify comorbidities—particularly car- 
diac status—and current treatments. This should be coupled with a frank discussion of 
the exact nature of the erectile dysfunction to try and determine aetiology and whether 
psychological assessment would be appropriate. Generally though, a chronic history of 
worsening erectile dysfunction not associated with excess alcohol suggests an organic 
diagnosis. Obesity, cigarette smoking and excess alcohol consumption are all likely to 
contribute to erectile dysfunction of whatever cause. 

Suggested practice is to assess serum prolactin, thyroid stimulating hormone and crea- 
tinine, as well as routine biochemistry for lipid profile, liver function tests, electrolytes, a 
full blood count and glycosylated haemoglobin. If a hormonal aetiology is identified, it 
should be specifically addressed. 

Otherwise, an oral PDE-5 inhibitor would be first-line therapy if there were no 
contraindications. Lower doses may be less effective in men with diabetes and the patient 
should be encouraged to persevere and try higher doses of the initial agent. If the first 
agent is unsuccessful, an alternative PDE-5 inhibitor can be tried but is not usually success- 
ful. Second-line treatments, such as transurethral/intracavernosal alprostadil, sublingual 
apomorphine or use of vacuum tumescence devices, can then be tried—usually deter- 
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mined by patient preference. Consulting experience suggests second-line treatments are 
often disappointing and it is important not to raise expectations falsely . 

If treatment for erectile dysfunction is not satisfactory, it is important to broach emo- 
tional and psychological well-being in the consultation. Permanent erectile dysfunction 
can be devastating for some men—and for some relationships. 


Further Reading 


i Z 1 Jagle H, Jagle C, Serey L, Yu A, Rilk A, Sadowski B, Besch D, Zrenner E, Sharpe LT. Visual short- 
term effects of Viagra: double-blind study in healthy young subjects. Am J Ophthalmol 2004; 137: 
842-9. 


2 Pomeranz HD, Bhavsar AR. Nonarteritic ischemic optic neuropathy developing soon after use of 
sildenafil (viagra): a report of seven new cases. J Neuroophthalmol 2005; 25: 9-13. 


3 von Keitz AT, Stroberg P, Bukofzer S, Mallard N, Hibberd M. A European multicentre study to 
evaluate the tolerability of apomorphine sublingual administered in a forced dose-escalation 
regimen in patients with erectile dysfunction. BJU Int2002; 89: 409-15. 


4 DulaE, Bukofzer S, Perdok R, George M. Double-blind, crossover comparison of 3 mg 
apomorphine SL with placebo and with 4 mg apomorphine SL in male erectile dysfunction. Eur 
Urol 2001; 39: 558-64. 
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Case History 


= At 34 weeks' gestation, proteinuria is discovered in a 24-year-old woman with type 1 

(a= diabetes in her first pregnancy. Blood pressure is recorded at 144/92 mmHg. Her urine 
has become dipstick-positive for protein. Her diabetic control is good (glycosylated 
haemoglobin, HbA 1c, 6.5%) and her pregnancy to date has been uncomplicated. She has 
no vascular complications of diabetes. 


What are the risks she faces? 
How should her blood pressure be managed? 
What are the implications for her obstetric care? 


Will this recur in a future pregnancy? 


S04 Reproductive Complications 


Background 


Pre-eclampsia is the development of hypertension and proteinuria after 20 weeks of 
gestation. It affects around 5% of pregnancies and is associated with increased risk to the 
mother and fetus. It is most likely to occur in the first pregnancy and risk factors include 
age above 40 years, obesity, family history or previous personal history of pre-eclampsia, 
previous hypertension, systemic lupus erythematosus and the antiphospholipid syn- 
drome, renal disease or diabetes. Diagnostic criteria are shown in Table 28.1. When blood 
pressure is elevated before 20 weeks, or after 20 weeks but with no proteinuria, gestational 
hypertension is diagnosed. Many women are asymptomatic, underlining the need for 
careful screening. The most common symptoms are peripheral oedema and rapid weight 
gain. 

The major risks of pre-eclampsia are of placental abruption, cardiac failure, acute renal 
failure, cerebrovascular accident and disseminated intravascular coagulation. After haem- 
orrhage and embolism, it is the third leading cause of maternal death during pregnancy. 
Eclampsia is diagnosed when there is new onset of seizures in late pregnancy or in the 
early post-partum period in a woman with pre-eclampsia. It is rare, and occurs in less 
than 1% of women with pre-eclampsia. HELLP syndrome (Haemolysis, Elevated Liver 
enzymes, Low Platelets) is another rare complication that also occurs in less than 1% of 
cases. 

Management prior to delivery consists of careful control of blood pressure, with mon- 
itoring of maternal and fetal health. If pre-eclampsia is suspected but there are not severe 
features, blood pressure measurements should be repeated after four to six hours of rest. 
At baseline, serum creatinine, liver tests, platelets and 24-hour urine measurements 
should be requested, and repeated at weekly intervals until delivery. There is no specific 
test to confirm the diagnosis. Admission is not always required for pre-eclampsia, 
although the threshold for admission is likely to be considerably lower in a patient with 
concurrent diabetes. Patients do not need to be confined to bed, but should be advised to 


Table 28.1 


A: Pre-eclampsia 


@ Systolic blood pressure =140 mmHg (or increase of 30 mmHg) 
@ Diastolic blood pressure =90 mmHg (or increase of 15 mmHg) 
@ Proteinuria =0.3 g per 24 hours (1+ on dipstick) 

@ =20 weeks’ gestation 


B: Severe pre-eclampsia 


@ Systolic blood pressure =>160 mmHg 

@ Diastolic blood pressure =90 mmHg 

@ Proteinuria =5 g per 24 hours (3+ on dipstick) 
@ Neurological features (hyperreflexia, clonus) 


@ Other features—worsening renal, cardiac or liver function, thrombocytopenia, visual disturbances, 
intrauterine growth restriction 
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Blood pressure >140/90 


Proteinuria 
>20 weeks gestation 


Check for signs and symptoms 
of severe pre-eclampsia 


Target blood pressure 120/80 Failure to reach target BP 
Methyldopa 
Labetolol 


Delivery at 38 weeks 


Magnesium prophylaxis | 


Fig. 28.1 Management of pre-eclampsia. 


rest. Target blood pressure should be 120-140 mmHg systolic and 80-90 mmHg diastolic. 
Suitable oral agents to control blood pressure include methyldopa (initially 250 mg three 
times daily, increasing up to 2 g per day), or labetalol (100 mg per day, increased as neces- 
sary to 200 mg twice daily). Nifedipine or oxprenolol are suitable as adjunct or alternative 
therapies. Angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers 
and diuretics are contraindicated because of risk of intrauterine growth retardation and 
oligohydramnios. 

Severe pre-eclampsia does require admission and bed rest. In the emergency situation, 
oral nifedipine may be useful to lower blood pressure. For more severely affected patients, 
intravenous hydralazine or labetalol are the usual therapies. Hydralazine is given at a dose 
of 5 mg, repeated at hourly intervals as necessary. For resistant patients, infusion at an ini- 
tial rate of 10 mg per hour, increased gradually as necessary, can be used. Labetolol should 
be given at an initial dose of 20 mg IV, with repeated or increased doses at hourly inter- 
vals. Intravenous infusion at an initial rate of 40 mg per hour is suitable for patients with 
severe pre-eclampsia. 

Fundal height that is not consistent with pregnancy dates may indicate intrauterine 
growth retardation or oligohydramnios. If either of these is suspected, delivery should be 
considered. Delivery is generally considered at 38 weeks of gestation. Placental abruption, 
progressive increase in proteinuria, deterioration in renal or hepatic function, or develop- 
ment of thrombocytopenia (platelets less than 100 X 10°/1) are also indications for early 
delivery, as are severe or persistent symptoms (headache, visual changes, abdominal pain, 
nausea and vomiting). Vaginal delivery is clearly to be preferred where possible. Regional 
anaesthesia is preferred if caesarean section is deemed necessary, but is contraindicated if 
coagulopathy is present. Magnesium is now routinely used in eclamptic patients during 
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delivery as prophylaxis against fits. Local protocols are usually in place but are generally 
based around a loading dose of 6 g, followed by 2 g per hour of MgSO,. 


Recent Developments 


-— 1 
(©) 


Pre-term delivery continues to be more common in women with type 1 diabetes, 
reported rates being between 22% and 45%. These rates are around five-fold higher 
than those of the background populations. Both spontaneous and indicated pre-term 
deliveries are increased.’ Pre-eclampsia is the commonest cause for indicated pre- 
term delivery, followed by deteriorating renal function and glycaemic control. The 
reasons for the increased incidence of pre-eclampsia in patients with diabetes are not 
known. 


2 A lack of understanding of the precise underlying pathogenesis means that specific 


interventions do not exist. One aetiological factor is thought to be placental vascular 
insufficiency. Recently, Levine et al.? have demonstrated increased levels of soluble 
fms-like tyrosine kinase in patients who develop pre-eclampsia. This molecule 
inhibits the actions of placental growth factor and vascular endothelial growth factor. 
This mechanism is of interest because of recent attention to angiogenic factors in the 
pathogenesis of diabetic complications such as retinopathy. Other proposed aetiologi- 
cal factors include nitric oxide, endothelins, the renin—angiotensin system, inflamma- 
tory mediators and multiple genetic factors.° 


Pre-eclampsia is associated with an unfavourable change in the balance between 
prostacyclin and thromboxane. In a number of studies, aspirin has been shown to 
decrease the risk of subsequent pre-eclampsia.* However, this effect is modest (odds 
ratio 0.86; 95% confidence interval 0.76-0.96), and may not apply to patients with 
diabetes. Routine use of aspirin in pregnancy for pre-eclampsia prophylaxis is not cur- 
rently recommended. 


Pre-eclampsia has been associated with long-term risk of cardiovascular disease, and a 
history of pre-eclampsia should be sought in patients with diabetes who are, in any 
case, at increased risk. Freeman et al.° have recently noted an association between pre- 
eclampsia and increased levels of inflammatory markers. Furthermore, increased 
interleukin-6 persisted for many years. Increased levels of this cytokine have been 
linked with development of insulin resistance and cardiac disease. 


Conclusion 


Development of pre-eclampsia in a patient with type 1 diabetes is a serious matter. The 

cS patient will need tight control of her glucose and blood pressure, and monitoring of fetal 
development, and this may necessitate admission to hospital. Her major risks relate to 
blood pressure control, and this may mean that she will face an early and interventional 
delivery. Her diabetes should be managed as for any other diabetic pregnancy. The level of 
treatment she requires for her blood pressure will depend on how this comes under con- 
trol as the pregnancy progresses. The risk is greatest in first pregnancy, but pre-eclampsia 
itself is a risk factor for development of the condition in a subsequent pregnancy. 
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29 Smoking Cessation 


Case History 


re Your 54-year-old patient with diabetes is keen to stop smoking. He has tried to give up 
(= smoking four years previously but was successful for only two months. His general 
practitioner recently prescribed him a nicotine gum but he did not find it effective. 


Discuss briefly the pathogenesis of smoking-induced atherogenesis. 


Consider the current evidence relating to the pharmacological treatment of smoking 
cessation within the broader context of a smoking-cessation strategy. 


What new strategies are emerging? 


Background 


Q Cigarette smoking is an important risk factor for atherothrombosis. Even occasional 
®©] smoking, particularly among men, is related to a higher risk of both total mortality (age- 
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adjusted relative risk (RR) 1.6; 95% confidence interval (CI) 1.3-2.1) and cardiovascular 
mortality (age-adjusted RR 1.5; 95% CI 1.0-2.3). The mechanisms by which cigarette 
smoke exerts damage to the cardiovascular system, however, are not entirely clear due to 
the mixture of pharmacologically active substances contained in tobacco. Only a few of 
these components have been extensively studied. Nicotine and carbon monoxide, for 
example, are much less damaging than is whole smoke, but with the former exerting the 
most addictive property. Cigarette smoking, however, has been shown to induce both 
morphological and biochemical disturbances to the vascular endothelium, both in vivo 
and in vitro. This is thought to be largely mediated by increases in oxidative stress and, 
consequently, free radical formation. 

Effective smoking-cessation strategies reduce cardiovascular events, but a systematic 
review from the Cochrane Tobacco Addiction Review group database showed a very low 
success rate in smoking cessation, especially among patients with symptomatic cardiovas- 
cular disease (secondary prevention).'* Spontaneous (primary prevention) cessation 
rates are even lower among patients who want to give up smoking (<5% per year). The 
recognition that cigarette smoking is a primary disorder, in which addiction to nicotine 
plays a primary role, has resulted in an important change to the approach to smoking 
cessation. The United Kingdom and the United States guidelines on smoking cessation 
therapy suggest a specific action plan which integrates behavioural and pharmacological 
support to aid cessation as well as prevent relapse.* Most intensive programmes report 
cessation rates of about 20% with behavioural support alone, whilst quit rates are further 
doubled among motivated patients given various forms of nicotine replacement therapy 
(NRT) in combination with educational and lifestyle support. Taking regular exercise 
may also help people give up smoking by moderating nicotine withdrawal and cravings. 
Thus, pharmacological support should be provided for all smokers who are willing to use 
medication as part of a multi-intervention strategy. Nicotine is metabolized quickly, with 
a half-life of two hours. The concept behind NRT to facilitate smoking cessation is there- 
fore to provide steady-state nicotine levels to prevent withdrawal symptoms while avoid- 
ing the reinforcing peaks associated with smoking.* After achieving abstinence, NRT can 
be tapered off and eventually discontinued. NRT is available in two forms. The transder- 
mal systems (nicotine patches) provide a slow and steady release of nicotine with low 
addiction potential, and have been studied extensively and shown to be safe in patients 
with stable cardiovascular disease. Nicotine polacrilex (nicotine gum) should be pre- 
scribed with proper education on effective chewing strategies. It is essential, for example, 
to chew the gum to release the nicotine and then allow the saliva to facilitate buccal 
absorption. The antidepressant bupropion, a selective reuptake inhibitor of dopamine 
and noradrenaline, has also been shown to be effective in smoking cessation by prevent- 
ing or reducing cravings and other features of nicotine withdrawal, and provides 
favourable outcomes on cessation-related weight gain.” Bupropion can also be combined 
with NRT to further increase cessation rates. Adverse effects of bupropion include a low- 
ered seizure threshold, and bupropion is therefore contraindicated in those with high 
seizure risk. Bupropion sustained release (SR) has relatively few cardiovascular adverse 
effects and may be used for patients with cardiovascular disease. 

Special consideration, however, is needed for hospitalized patients with acute coronary 
syndromes (e.g. myocardial infarction and unstable angina). Highly nicotine-dependent 
smokers who receive bupropion are more likely to experience a decrease in depressive 
symptoms during active treatment but, unfortunately, are also more likely to experience a 
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Fig. 29.1 Approach to smoking cessation in patients with diabetes. 


rebound in depressive symptoms when bupropion is discontinued. The weight of evi- 
dence therefore favours NRT as the preferred first-line option for smoking cessation, with 
bupropion SR as a reasonable adjunct or second-line option. Other therapies where a 
meta-analysis has supported their efficacy in smoking cessation include the antihyperten- 
sive clonidine and the antidepressant nortriptylline, used either alone or in combination 
with NRT or bupropion. Finally, it is important to create a clinical and lifestyle environ- 
ment that is supportive of treating patients with tobacco dependence. Simple changes in 
clinical routines and effective communication with the primary care physicians may help 
identify smokers who would like to stop smoking, and encourage intervention and links to 
more intensive tobacco dependence treatment programmes. These may provide patients 
with the stability they require in order to reduce their tobacco cravings and hopefully 
improve long-term success rate in smoking cessation among patients with cardiovascular 
disease. 


Recent Developments 


1 It has recently been shown that only two weeks of smoking cessation can ameliorate 
the enhanced platelet aggregability and intraplatelet redox imbalance in long-term 
smokers, largely by a reduction in oxidative stress. 
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Data have emerged to suggest that smoking is independently associated with the 
insulin resistance syndrome and this association may represent a major mechanistic 
link between cigarette smoking and cardiovascular disease. Smokers have been shown 
to be more insulin resistant and dyslipidaemic, and have evidence of endothelial dys- 
function compared with non-smokers. Recent epidemiologic data have suggested that 
cardiovascular disease in smokers is primarily seen in those individuals who also have 
the characteristic findings of insulin resistance. This raises the intriguing possibility of 
treating the cardiovascular risk associated with smoking with an insulin sensitizer. 


The role of gamma-aminobutyric acid (GABA) and metabotropic glutamate recep- 
tors as potential targets of pharmacotherapies for smoking cessation has recently been 
investigated. This is based on previous work which indicated a role for GABA and glu- 
tamate in the reinforcing effects of drugs of abuse. In an experimental study, com- 
pounds that increase GABAergic neurotransmission and antagonists at glutamate 
receptors have potential anti-smoking properties for humans. 


Research examining the role of allelic variation in different genes which may influence 
smoking behaviour and nicotine dependency is also being actively pursued.® 
Dopamine receptor genes, transporter genes (serotonin and dopamine) and other 
genes related to metabolism of nicotine are plausible functional candidate genes. 


Conclusion 


The combination of smoking and diabetes is malignant, but smoking cessation rate 

Ea remains low. Modern strategies to facilitate smoking cessation should incorporate behav- 
ioural therapy and pharmacological treatment as well as appropriate educational advice 
to individuals who are motivated to stop smoking. Research is ongoing to improve our 
understanding of the mechanistic link between smoking and cardiovascular disease as 
well as of genetic differences which might determine smoking behaviour and nicotine 
dependency. 
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PROBLEM 


30 Hypertriglyceridaemia 


Case History 


A 57-year-old man with a strong family history of type 2 diabetes and ischaemic heart 
disease has a triglyceride level of 6.5 mmol/l. His cholesterol is 4.8 mmol/l. He is generally 

healthy, but slightly overweight, and takes no medication. Fasting blood glucose is 

6.8 mmol/l and glycosylated haemoglobin (HbA 1c) is in the normal range at 5.9%. He 

smokes ten cigarettes per day. 


Is his high triglyceride level significant? 


What steps might you take to manage it? 


Background 


Triglycerides are the predominant form of fat in the diet and in the body. The metabolic 
syndrome is associated with increased triglycerides, decreased high-density lipoprotein 
(HDL)-cholesterol and a predominance of small, dense low-density lipoprotein (LDL) 
particles. Each of these abnormalities is associated with increased risk of coronary heart 
disease. Association between hypertriglyceridaemia and coronary risk has been demon- 
strated in a number of studies, including the Honolulu Heart Programme, the Helsinki 
Heart Study and the Framingham Study. Increased triglyceride level arises because of 
increased hepatic production and decreased clearance of triglyceride-rich very-low-den- 
sity lipoprotein (VLDL) particles.’ Patients with very high triglyceride levels are also at 
risk of pancreatitis. The National Cholesterol Education Programme classifies triglyceride 
levels as shown in Table 30.1. 


Table 30.1 | 


Plasma triglyceride level 


Classification mg/dl mmol/l 
Desirable <150 S 
Borderline 150-199 1.7-2.2 
High 200-499 2.2-5.5 
Very High >500 25.5 


Data based on fasting plasma triglyceride levels. 
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Familial (genetic) causes of hypertriglyceridaemia include: 


@ Type I hyperlipoproteinaemia (chylomicronaemia)—lipoprotein lipase or 
apolipoprotein C-II deficiency (autosomal recessive); 


@ Familial dysbetalipoproteinaemia —abnormal binding of apolipoprotein E; 

@ Familial hypertriglyceridaemia—overproduction of VLDL (autosomal dominant); 
@ Familial combined hyperlipidaemia—overproduction of VLDL and LDL; 

@ Hepatic lipase deficiency. 


Most cases of hypertriglyceridaemia are secondary. Causes include obesity, high- 
carbohydrate diet, inactivity, oestrogen replacement and pregnancy, hypothyroidism, 
nephrotic syndrome, smoking and heavy alcohol intake, and hypertriglyceridaemia also 
occurs in diabetes/metabolic syndrome. 

Management of hypertriglyceridaemia begins with lifestyle factors. The American 
Heart Association recommends the following to decrease triglyceride levels: if the patient 
is overweight, cut down on calories to reach ideal body weight; reduce saturated fat and 
cholesterol content of the diet; keep alcohol intake to a minimum; and increase dietary 
intake of fish high in omega-3 fatty acids (e.g. salmon, trout, mackerel, herring). 

Drug treatment may be appropriate in an individual who is at high risk of coronary 
heart disease and whose triglycerides remain above 2.2 mmol/l in spite of attempts at 
lifestyle management. The approach to drug therapy depends on the degree of hyper- 
triglyceridaemia, the presence of other lipid abnormalities and the perceived risk to the 
patient. Nicotinic acid or related preparations (acipimox, Niaspan) can lower triglycerides 
and increase HDL-cholesterol. Side effects include flushing (usually self-limiting), pru- 
ritus, nausea, abdominal pain and diarrhoea, and the drugs can occasionally cause hepatic 
dysfunction. Fibrate drugs (e.g. gemfibrozil, bezafibrate and ciprofibrate) are peroxisome 
proliferator-activated receptor-a (PPAR-«) agonists and are widely used in treating com- 
bined hyperlipidaemias. They can cause muscle side effects ranging from mild aches to 
rhabdomyolysis, particularly when used in combination with statins. The latter group of 
drugs are the treatment of first choice when high LDL-cholesterol is the predominant 
abnormality and the patient is at high risk of heart disease. Omega-3 fatty acids, either as 
marine triglycerides (maxepa) or as fatty acid ethyl esters (Omacor), are often useful in 
isolated hypertriglyceridaemia. The relative potencies of the different drug groups are 
shown in Table 30.2. 


Table 30.2 ide-| l 


Drug Group LDL-Cholesterol HDL-Cholesterol Triglyceride 


(Decrease) (Increase) (Decrease) 
Statin Up to 50% 10-20% 10-20% 
Fibrate Up to 20% Up to 30% 35-50% 
Nicotinic Acid 10-25% 15-25% 25-30% 
Omega-3 - Up to 10% 25-30% 


t = minimal effect 
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Recent Developments 


KON 


Percent who develop Type 2 diabetes 


1 There is a complex relationship between cardiovascular risk factors and the risk of 
developing diabetes. Recent data from the Insulin Resistance Atherosclerosis Study? 
suggest that the presence of cardiovascular risk factors including hypertriglyceri- 
daemia and low HDL-cholesterol predict development of type 2 diabetes (Figure 30.1). 
The greater the number of risk factors, the greater the risk. It is uncertain whether spe- 
cific interventions to improve these risk factors will prevent diabetes developing but, 
given the relationship between triglycerides and insulin resistance, this approach 
should be pursued. 


2 Increased tissue levels of triglyceride are associated with insulin resistance and other 
features of metabolic syndrome. Magnetic resonance spectroscopy studies demon- 
strate hepatic lipid accumulation in vivo in obese patients with type 2 diabetes,* and 
the presence of elevated serum hepatic transaminase levels in the West of Scotland 
Coronary Prevention Study (WOSCOPS) predicted development of type 2 diabetes.* 
Also, triglyceride accumulation in skeletal muscle impairs the efficiency of substrate 
utilization and contributes to peripheral insulin resistance. 


3 Interaction between components of the diet and genes involved in the pathogenesis of 
metabolic syndrome is an area of research interest. For example, polyunsaturated fatty 
acids and a common polymorphism of the PPAR-y gene interact to regulate periph- 
eral levels of triglyceride. Further study in this area may identify more effective dietary 
manipulations and therapies tailored to individual genotype." 
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Risk factor 


Fig. 30.1 Figure shows the development of diabetes in a four-year period in subjects with initially normal or 
impaired glucose tolerance (IGT) or with other cardiovascular disease (CVD) risk factors present or absent at 
baseline. In addition, patients with multiple risk factors were more likely to develop diabetes than those with 
no, or single, risk factors. TG = triglycerides; HYPER = hypertension; PAI-I = plasminogen activator inhibitor-1. 
Source: D'Agostino et al. 2004.” 
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Conclusion 


The above patient has markedly elevated triglyceride level and a high risk of both diabetes 
and coronary artery disease. Attempts should be made to lower his triglyceride level. 
Initial management should include assessment and, if possible, improvement in diet, 
weight reduction, smoking cessation and reduction in alcohol intake. Given the degree of 
hypertriglyceridaemia, lifestyle management alone is unlikely to lower his triglyceride 
level into the target range. Initial drug treatment with either a nicotinic acid derivative or 
with omega-3 fatty acids would be first-line treatment after lifestyle intervention. 
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31 Hyperlipidaemia in Type 1 Diabetes 


Case History 


Your patient is 38 years old with an 11-year history of type 1 diabetes. He has no micro- or 
macrovascular complications of diabetes. His blood pressure is 138/78 mmHg, 
glycosylated haemoglogin (HbA1c) is 6.8% and lipid parameters are as follows: total 
cholesterol 5.1 mmol/l; high-density lipoprotein (HDL)-cholestero! 1.0 mmol/l; low- 
density lipoprotein (LDL)-cholesterol 3.0 mmol/l; and triglyceride 2.4 mmol/l. 


Would you treat his hyperlipidaemia? 


If so, which agent(s) would be most appropriate? 


Background 


@ Best management of modest hyperlipidaemia in young adults with type 1 diabetes 

®© (T1DM) is uncertain. Landmark clinical trials have demonstrated that statins are effective 
agents for the primary and secondary prevention of coronary heart disease (CHD) in 
patients with type 2 diabetes, but there are few data for the primary prevention of CHD in 
patients with T1DM. Moreover, since age appears to be the most important determinant 
of CHD risk, few trials have included patients below the age of 40 years. 

However, a recognized paradox of T1DM is that, while mortality from CHD in this 
group of patients is three- to six-fold higher than that of the general population, their 
lipid and lipoprotein patterns are often generally favourable.’ Furthermore, in patients 
with good glycaemic control (as is the case above), cholesterol, triglyceride and LDL levels 
are similar to, or even lower, than those in the general population, whereas HDL- 
cholesterol levels are normal or slightly increased. In the presence of CHD, although 
triglyceride and LDL-cholesterol levels in patients with T1DM are increased and HDL- 
cholesterol levels are lower than in those without heart disease, these and associated lipid 
and lipoprotein disturbances do not fully explain their elevated CHD risk. The risk of 
CHD in young patients with T1DM is likely to be an underestimate using available risk 
calculators and consequently treatment is often delayed. 

Another factor that one should take into account when determining the cardiovascular 
risk of an individual with T1DM is the duration of their diabetes. Since prolonged expo- 
sure to hyperglycaemia increases an individual’s vascular risk and alters their lipoprotein 
constituent, it is reasonable to include duration of diabetes as a further determinant to the 
need for statins. In light of this, the British Hypertension Society recommends that those 
patients with type 2 diabetes for greater than 10 years or aged over 50 years should be con- 
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sidered as a coronary risk equivalent and should be treated as for secondary prevention 
guidelines. As diabetes is considered a coronary disease equivalent, a statin should be used 
irrespective of lipid profile.” 

In the absence of intervention trial data in patients with T1DM, and given the high rates 
of cardiovascular disease, it seems reasonable to treat as per type 2 diabetes. Young persons 
with T1DM exhibit abnormalities in their lipoprotein constituents and vascular wall when 
compared with the general population. In the Heart Protection Study (HPS), statins 
reduced the risk of cardiovascular events in all subgroups of patients studied, including 
those with pre-treatment LDL-cholesterol <3 mmol/l. It is important to note that 10% of 
the HPS diabetes subgroup had T1DM. When considering patients with a young onset of 
T1DM, approximately 20% develop diabetic nephropathy after 20 years of diabetes dur- 
ation and, of those who develop diabetic nephropathy, more than 40% develop cardiovas- 
cular disease by the age of 40 years. Lipid and lipoprotein abnormalities are strongly 
associated with micro- and macroalbuminuria—major predictors of CHD events and 
risks of nephropathy progression. Preliminary evidence has also emerged to suggest that 
statins may slow the progression of diabetic renal disease. In light of the typically ‘normal’ 
lipid profile—which may mask their high CHD risk—adopting an aggressive cardiovas- 
cular risk-reduction strategy in young patients with T1DM should be encouraged. Clearly, 
the decision to start a statin in this patient should be made after appropriate discussion 
on risk—benefit profile with strong emphasis on the potential requirement for lifelong 
treatment if the drug is tolerated. 


Recent Developments 


KON 


1 The benefits of aggressive lipid-lowering treatment with statins in stable CHD patients 
were further supported in the Treating to New Target (TNT) study.° In this study, 10 
001 patients with clinically evident CHD and LDL-cholesterol concentrations of 
under 130 mg/dl were randomized to daily doses of atorvastatin, 10 mg or 80 mg, for 
an average of 4.9 years. Over this time, a primary cardiovascular event occurred in 
8.7% of individuals taking high-dose atorvastatin, compared with 10.9% taking low- 
dose treatment (22% relative reduction). A subanalysis of the study, involving 753 
patients with diabetes, showed that high-dose statin significantly reduced the risk of 
individuals suffering a first major cardiovascular event by 25% compared with the 
low-dose (hazard ratio [HR]0.75). The 80 mg dose also reduced the time to first cere- 
brovascular event by 31% (HR 0.69). On the basis of these results, clinicians should 
consider aggressive use of lipid-lowering therapies in all patients with diabetes. 


2 Teenage boys, but not girls, with TIDM have significantly higher intima—media thick- 
ness (IMT) than those without T1DM.* IMT is higher among boys with poor glucose 
control, exposure to smoke and higher total cholesterol and apolipoprotein B levels. 
These observations also support an aggressive approach to treating hyperlipidaemia 
even in young patients with T1DM, particularly in those with abnormal lipid profile 
and poor glycaemic control. In girls, IMT tends to be higher among those with a fam- 
ily history of cardiovascular disease and lower among those with favourable levels of 
HDL. 
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Type 1 diabetes Observe lipid profile 


Duration of diabetes 
>10 years 


Total cholesterol >4 
or 
LDL cholesterol >2 


Start statin treatment 
Keen to 
start statin 


Discuss with patient 
potential beneficial effects 
of statins independent 
of risk factors for starting 
statins 


Not keen to 
start statin 


Fig. 31.1 Hyperlipidaemia in type 1 diabetes. 


Conclusion 


Despite his young age and modest hyperlipidaemia, this patient has a long history of dia- 
betes and thus a chronic exposure to hyperglycaemia and increased atherosclerotic risk. 
While evidence for the use of statins has been derived largely from studies involving 
middle-aged patients with type 2 diabetes,° evidence is emerging to support an aggressive 
lipid-lowering strategy in younger patients with T1DM. Intima—media thickness and 
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inflammatory markers are increased—suggesting premature atherosclerosis. It is suggest- 
ed that this patient is treated with a statin. However, it is important always to engage with 
patients in discussing the relative risk—benefits of starting statins, before embarking on 
what is likely to be a lifelong treatment. Given the qualitative nature of lipoprotein abnor- 
malities in patients with T1DM, it would be conceivable in the near future for statins to be 
routinely prescribed to all patients (including adolescents) whose TIDM was diagnosed 
at least ten years previously—akin to how we approach treatment of adolescents with 
familial hyperlipidaemia. 
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Case History 


A 58-year-old woman with hypertension and type 2 diabetes for nine years has her fasting 

lipid profile checked. Her cholesterol is 5.4 mmol/l, triglycerides 3.4 mmol/l, and high- 
density lipoprotein (HDL)-cholesterol is 0.8 mmol/l. She takes oral hypoglycaemics— 
metformin 500 mg three times daily and gliclazide 80 mg twice daily—but her 
glycosylated haemoglobin (HbA1c) remains elevated at 9.2%. Blood pressure is 150/90 
mmHg despite taking two antihypertensives, and she is a smoker. She admits that she does 
not always remember to take all of her tablets. 


Does she require treatment for her dyslipidaemia? 
How would you approach the management of her diabetes? 


What is the most important aspect of her management to tackle first? 


Background 


Q Poorly controlled diabetes is associated with increased triglycerides, decreased HDL- 
~ cholesterol and a predominance of small, dense low-density lipoprotein (LDL) particles. 
Each of these three abnormalities increases the risk of vascular disease.' Often, total cho- 
lesterol and LDL-cholesterol are normal or near-normal. The pathogenesis of the dyslipid- 

aemia is complex. Increased triglyceride occurs because of increased hepatic production of 
triglyceride-rich very-low-density lipoprotein (VLDL) particles associated with decreased 
clearance of these and chylomicrons due to decreased lipoprotein lipase activity. Small, 

dense LDL particles arise from the VLDL particles by hydrolysis and by enrichment with 
further triglyceride due to the action of cholesteryl ester transfer protein (CETP). The 

small, dense LDL particles are cleared more slowly than other LDL particles and their 
increased retention time in the circulation, along with their tendency to become oxidized 

and glycated in patients with diabetes, makes them more atherogenic. The reduction in 

HDL, particularly HDL-2b, particles arises because of transfer of cholesterol from these 
particles to triglyceride-rich VLDL particles and a reciprocal transfer of triglyceride to the 

HDL particles, making them more susceptible to clearance by hepatic lipase. For patients 

with impaired glucose utilization, including type 2 diabetes, the triglyceride and HDL 
abnormalities are more powerfully associated with atherosclerosis than are changes in 

total or HDL-cholesterol and thus should be regarded as the prime targets for treatment. 
Central obesity and insulin resistance lead to increased release of free fatty acids, which 

in turn increase synthesis of triglycerides. Even modest weight loss of 5% of total body 
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weight, particularly along with exercise, can decrease triglyceride levels by up to 40%, and 
total cholesterol by up to 15%. Modern lipid-lowering drugs are very safe. The major 
choice is between statins and fibrates, depending on the individual patient’s pattern of 
dyslipidaemia and overall risk profile. Fibrates act as agonists at the peroxisome prolifer- 
ator-activated receptor-a (PPAR-«) and thus increase expression of key enzymes in- 
volved in disposal of atherogenic lipoprotein particles. Although there is considerably less 
evidence for prevention of cardiac events than there is for statin drugs, there is still 
irrefutable evidence that the fibrates have a protective role.? For example, a secondary 
preventative role was demonstrated in the Veterans Affairs High-Density Lipoprotein 
Intervention Trial (VA-HIT), while the Helsinki Heart Study demonstrated a primary 
preventative effect. Both studies used gemfibrozil, and each included a small diabetic sub- 
group. For patients who have more marked elevations in triglycerides, treatment with 
nicotinic acid derivatives or omega-3 fatty acids may be considered. 

For patients in whom marked reduction in LDL-cholesterol is required, the statins are 
the drugs of choice. Landmark trials published in the 1990s demonstrated their effective- 
ness and safety in secondary prevention of cardiac events. Thus, the Scandinavian 
Simvastatin Survival Study (4S), the Cholesterol and Recurrent Events (CARE) study and 
the Long-term Intervention with Pravastatin in Ischaemic Disease (LIPID) study demon- 
strated 25% to 32% reduction in cardiac events in patients with pre-existing coronary 
heart disease. The 4S and CARE studies demonstrated, in subgroup analyses, that the 
drugs were at least as effective in patients with diabetes. The Heart Protection Study (HPS) 
enrolled over 20 000 people with a total cholesterol greater than 3.5 mmol/l and who either 
had a previous coronary event, had other arterial occlusive disease, or had diabetes or 
hypertension. In a 2 X 2 factorial design, patients were randomized to receive simvastatin 
40 mg per day/antioxidant vitamins or the corresponding placebos. There was no effect 
demonstrated with the antioxidant vitamins. Simvastatin use was associated with 18% 
reduction in coronary death rate. In the diabetic cohort of 5963 patients there was a 12% 
reduction in the incidence of a first major vascular event. The association between low- 
grade inflammation and risk of either diabetes or vascular disease is now well established. 
In addition to their action in decreasing cholesterol biosynthesis, statin drugs are now well 
documented to have anti-inflammatory actions and may, therefore, protect the blood 
vessels through multiple pathways. 

For patients with severe dyslipidaemia and who are at high risk of ischaemic heart dis- 
ease, statins and fibrates can be given in combination, although there is increased risk of 
myopathy and rhabdomyolysis, about which the patient should be warned. Muscle com- 
plications are also increased in patients with renal impairment. Ezetimibe is a relatively 
new drug on the market, which acts by decreasing the intestinal absorption of dietary and 
biliary cholesterol. It does not affect absorption of triglycerides or fat-soluble vitamins. 
The drug acts by binding to the Niemann-Pick C1 like protein-1, a specific cholesterol 
transporter protein in the gut. The drug may be given alone to patients who are intolerant 
of statins, but it is most effectively combined with statins to further decrease LDL- 
cholesterol. The drug is both safe and effective in patients with the metabolic syndrome or 
type 2 diabetes. 


Recent Developments 


lan 1 Insulin resistance in muscle and liver may be increased by accumulation of lipid in 
) these tissues. This accumulation may involve a transcription factor called the liver X 
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receptor, activation of which increases enzymes of the lipogenic pathway including 
fatty acid synthase.? The liver X receptor is also involved in the increased expression of 
the glucose transporter GLUT4 in response to insulin. Variations in certain key genes 
that regulate lipid storage in tissues may control susceptibility to metabolic syndrome 
to an extent. Thus, variations in the gene for lipoprotein lipase, which controls lipid 
storage in adipose tissue, muscle and the vascular endothelium, have been linked to 
insulin resistance.* Furthermore, variations in the gene for PPAR-a, which is partly 
responsible for regulating expression of lipoprotein lipase, may govern susceptibility 
to type 2 diabetes.” 


A novel approach to increasing HDL-cholesterol is by inhibiting CETP. A recent trial 
with the inhibitor torcetrapib reported increased HDL-cholesterol of 46% when used 
alone and 61% when used with atorvastatin (Figure 32.1).° The drug also increased 
the mean size of both LDL and HDL lipoprotein particles. 


A major theme of current nutritional research is the interaction between dietary com- 
ponents and the expression of genes or the activity of metabolic pathways in vivo. 
Conjugated linoleic acids have been proposed as regulators of lipid metabolism and 
insulin resistance.’ There has been interest in diets that include a small amount of wal- 
nuts.® These contain a high proportion of polyunsaturated fats including a-linoleic 
acid as well as the antioxidant y-tocopherol. Compared with a control diet, a diet that 
included 30 grams of walnuts per day significantly increased HDL-cholesterol and 
decreased LDL-cholesterol. 


Large LDL particles 


Placebo plus atorvastatin 


[E] Placebo alone 


Torcetrapib (120 mg daily) 
plus atorvastatin 


Torcetrapib (120 mg daily) alone 
[E Torcetrapib (120 mg twice daily) 
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Small LDL particles 


Fig. 32.1 Torcetrapib is a cholesteryl 
ester transfer protein inhibitor. The drug 
both increases the level of large HDL 
particles and decreases the level of 
small, dense LDL particles. It may thus 
be useful in the treatment of diabetic 
dyslipidaemia. 

Source: Brousseau etal. 2004.° 
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Conclusion 


The patient’s risk of vascular events can be estimated using a risk calculator such as the 
United Kingdom Prospective Diabetes Study (UKPDS) risk engine.’ Using this engine, 
her calculated ten-year risk of coronary heart disease is 31.4%, of fatal coronary heart dis- 
ease 22.8%, of stroke 11.5%, and of fatal stroke 1.9%. She is at high risk and her risk 
parameters need to be managed vigorously. She should be strongly advised to stop smok- 
ing, as continuing to smoke would negate much of the potential benefit of therapies for 
the other risk factors. 

Diabetes control needs improvement and every effort should be made to encourage 
the patient to work on diet and exercise. There is scope to increase her oral hypoglycaemic 
drugs, and increased metformin may be a good first step. She probably does not require 
insulin at this stage. A major thrust of her management should be to decrease her cardiac 
risk without making her drug regimen unduly complex. A fibrate drug should improve 
her lipid profile and may be used as a holding measure until her glycaemic control is 
improved. 
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Case History 


annual review. She is treated with metformin and has reasonable diabetic control 
(glycosylated haemoglogin, HbA1c, 7.4%). For the past two years, she has taken lisinopril 
because of hypertension and because microalbuminuria has been noted on several 
occasions. Her blood pressure is well controlled. 


A 53-year-old woman with a four-year history of type 2 diabetes attends your clinic for 


Should she take regular aspirin? 


If so, what dose should she take? 


Background 


O Patients with diabetes have an increased risk of vascular disease that is up to four times 

ŒQ] that of the background population. Available evidence suggests that the relative risk asso- 
ciated with diabetes is higher in women than in men. Compared with men of comparable 
age, pre-menopausal women are relatively protected from risk of vascular disease. This 
protection appears to be lost in women who have developed diabetes. 

Increased vascular risk in patients with diabetes arises from a number of factors includ- 
ing hyperglycaemia, dyslipidaemia, hypertension, low-grade inflammation and an in- 
creased tendency for the blood to clot. The hypercoagulable state is partly due to increased 
platelet aggregation under the influence of thromboxane. Aspirin irreversibly inhibits the 
enzyme cyclooxygenase (prostaglandin synthase), and thus decreases the production of 
thromboxane. Of note is that its efficacy may be diminished if it is administered with other 
non-steroidal anti-inflammatory drugs. 

The use of aspirin for secondary prevention of vascular events is no longer controver- 
sial. Broadly speaking, the use of aspirin in a patient who has either had a vascular event 
or has established vascular disease will reduce the risk of subsequent myocardial infarc- 
tion by one-third and the risk of stroke by one-quarter, and decrease the overall risk of 
death from vascular disease. These benefits apply as much to patients with diabetes as to 
their non-diabetic counterparts. Reviewing over 170 controlled trials in a meta-analysis 
involving 70 000 patients in total, the Anti-Platelet Trialists (APT) confirmed the benefits 
of aspirin in high-risk populations.’ For diabetic patients, the authors estimated that 
around 38 vascular events were saved for each 1000 diabetic patients treated with aspirin. 

There is less evidence relating to primary prevention. Recent studies suggest that risk of 
myocardial infarction is reduced by around one-third but it is still uncertain whether risk 
of stroke or overall risk of cardiovascular death is reduced. The seminal study in this area 
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was the Early Treatment Diabetic Retinopathy Study (ETDRS),* in which 3711 patients 
with diabetes from 22 centres were randomized either to placebo or to aspirin treatment. 
The risk of fatal and non-fatal myocardial infarction was reduced to a degree comparable 
with other studies in non-diabetic cohorts. A more recent study, the Primary Prevention 
Project (PPP),* confirmed that low-dose aspirin reduced risk of vascular events in a 
cohort of 4495 high-risk individuals (including 1031 with diabetes), but the study sug- 
gested that the benefit of aspirin might be lower in diabetic patients. 

As with all drugs, the use of aspirin is associated with a risk of side effects. Up to 25% of 
patients using aspirin may experience dyspepsia or other gastrointestinal side effects. 
These are usually mild and do not necessitate stopping the drug. Aspirin may provoke 
asthma, or other allergic symptoms, in a small proportion of people. The major worry is 
the increased risk of haemorrhage. The increased risk is probably of the order of 60% 
over five years with a very small risk of cerebral haemorrhage amounting to about 0.3 per 
1000 patients. Caution is certainly urged in patients with haemorrhagic retinopathy, 
but the ETDRS trial? provided reassurance that aspirin was generally safe in patients 
with retinopathy, although there was no benefit of aspirin in preventing progression 
of retinopathy. 

People with diabetes should have cardiovascular risk managed as vigorously as non- 
diabetic individuals with established vascular disease. The American Heart Association, in 
line with other comparable bodies, currently recommends aspirin use for individuals 
whose ten-year risk of a first vascular event is greater than 10%. This includes many 
patients with diabetes. There is evidence from a number of countries that aspirin is under- 
used amongst patients with diabetes. This is unfortunate since the drug is safe, cheap and 
effective. 

The American Diabetes Association recommendations for the use of aspirin in 
patients with diabetes are summarized in Table 33.1. The major trials have used doses 


Table 33.1 
Number Recommendation Evidence 
Level 
1 Use for secondary prevention where there is a history of ischaemic heart disease (IHD), 
cerebrovascular disease, peripheral vascular disease or vascular bypass procedure. A 
2 Use for primary prevention in type 2 diabetes patients over 40 years who have additional 
risk factors (family history of IHD, hypertension, smoking, dyslipidaemia, alouminuria). A 
3 Use for primary prevention in type 1 diabetes patients over 40 years who have additional 
risk factors (family history of IHD, hypertension, smoking, dyslipidaemia, alouminuria). c 
4 Not recommended for patients with aspirin allergy, bleeding tendency, those taking 
anticoagulant, or who have suffered a recent gastrointestinal haemorrhage. 
Other antiplatelet drugs may be considered. E 
5 Not recommended for patients under 21 years because of increased risk of Reye's syndrome. 
Patients under 30 years have generally not been studied. E 


Recommendations apply equally to men and women, and the dose of aspirin recommended in each case is 75-162 mg per day. 
Evidence levels: 

A= supported by multiple randomized controlled trials; 

C= incomplete or conflicting evidence 


E = expert consensus. Source: Colwell, 2004. 
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ranging from 75 mg per day to 375 mg on alternate days. Hence, the current recommend- 
ed daily dose is 75—162 mg per day. 


Recent Developments 


= 1 
(O) 


2 


Other antiplatelet drugs. The suggestion from the PPP study that diabetic patients may 
be relatively insensitive to low-dose aspirin, because of activation of multiple pathways 
leading to clot formation, has stimulated interest in other antiplatelet drugs. There is a 
need for alternatives in any case for patients who are sensitive to aspirin. Recent work 
with clopidogrel, an inhibitor of ADP-induced platelet aggregation, in trials including 
diabetic subjects, suggests that this drug is superior to aspirin in preventing vascular 
events. There is also interest in platelet glycoprotein Hb/Ia antagonists, orally active 
forms of which have been developed, and in the drug cilostazol, a potent inhibitor of 
phosphodiesterase type 3. The latter drug is finding increasing usage in patients with 
peripheral vascular disease but its beneficial actions on platelet function may increase 
its use in patients at high risk of cardiovascular disease. 


Aspirin and the metabolic syndrome. The antiplatelet and anti-inflammatory effects 
of aspirin contribute to its benefit in preventing macrovascular complications of dia- 
betes. Recent evidence® suggests that the drug may also reduce post-prandial excur- 
sions in glucose and free fatty acids, in addition to reducing insulin resistance. The 
clinical significance of these observations and the optimal dose of aspirin to achieve 
these effects have yet to be determined. 


Conclusion 


with diabetes. Its use is recommended in diabetic patients over the age of 40 years who 


Ea Aspirin is a safe, effective and cheap drug to prevent vascular complications in patients 


have other cardiovascular risk factors. On those grounds, and in the absence of con- 
traindications, the above patient should be prescribed aspirin at a dose of 75-150 mg per 
day. 
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Case 


Hypertension—Uncomplicated 


History 


A 74-year-old man with type 2 diabetes has repeated blood pressure readings of 
154/90 mmHg and higher. He has no symptoms, and his diabetic control is reasonable. 
Dipstick urine is negative for protein. 


Should he have antihypertensive therapy? 


What treatment is appropriate? 


Background 


It is likely that blood pressure measurement has been either opportunistic or part of struc- 
tured review. It is unlikely that blood pressure alone has caused referable symptoms. A 
clear appraisal of the potential risks of blood pressure at this level is needed to inform the 
consultation. This risk is partly dictated by other cardiovascular risk factors and though 
no absolute risk can be given for an individual, there are a number of risk calculators that 
can be used to give an estimate. The most commonly used Framingham, United Kingdom 
Prospective Diabetes Study (UKPDS) and New Zealand Cardiovascular Risk tables all give 
a ten-year cardiovascular risk in excess of 25% for this man, assuming he is a non-smoker 
with a high-density lipoprotein (HDL)-cholesterol level of 1.0 mmol/l and no prevalent 
cardiovascular disease. 

For this discussion, there is an assumption that the patient is naive to blood pressure 
treatment and that there are no clinical or biochemical features of secondary causes of 
hypertension. The discussion focuses on pharmacological interventions to lower blood 
pressure. 


Intervention threshold 


Data from the UKPDS,' HOT trial? (Hypertension Optimal Treatment) and MRFIT? 
(Multiple Risk Factor Intervention Trial) demonstrate that: 
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@ hypertension affects two-thirds of people with type 2 diabetes; 
@ lowering elevated blood pressure reduces macro- and microvascular risk; 


@ there is no unequivocal threshold effect of blood pressure on macrovascular risk. 


An intervention threshold of 140 mmHg systolic and/or 90 mmHg diastolic is advised 
by both the American Diabetes Association* and the Seventh Report of the Joint 
National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood 
Pressure.” Analyses of data from UKPDS and HOT show that a 10 mmHg reduction in 
systolic blood pressure is associated with a reduction in: 


@ all cause mortality by 18%; 

@ microvascular disease (mainly retinopathy) by 37%; 
@ stroke by 44%; 

@ heart failure by 45%; 

@ 


major cardiovascular events by 51%. 


Choice of hypotensive agent 


Endpoint reduction is primarily a consequence of blood pressure reduction rather than 
agent selection. Where there are no comorbidities, there is little to choose between most 
classes of hypotensive agents—an approach supported by both the UKPDS and ALLHAT® 
(Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial) studies. 
The ALLHAT study demonstrated the efficacy of the cheap diuretic chlorthalidone as a 
first-line hypotensive agent in normoalbuminuric patients and its particular benefit in 
black patients where low-renin hypertension may respond less well to angiotensin- 
converting enzyme (ACE) inhibitors. It should be noted that the alpha-blocker arm of the 
ALLHAT study was terminated early because of an excess of cardiovascular events in this 
randomization group. 

Even if there is elevated urinary albumin excretion, blood pressure reduction is still 
the most important factor in reducing cardiovascular events. An ACE inhibitor- or 
angiotensin receptor blocker-based regime may slow the progression of nephropathy— 
particularly when baseline creatinine is elevated. 

Though studies support the need for multiple agents to control blood pressure, many 
patients will still not achieve optimal blood pressure control. The UKPDS, HOT and 
ABCD (Appropriate Blood Pressure Control in Diabetes) trials all showed that three 
agents were needed, on average, to achieve average diastolic blood pressure readings of 
80 mmHg or so. 

Finally, it is important to remember that blood pressure is not the only therapeutic 
target and that comorbidities and lifestyle may dictate whether a particular agent is used 
or not. For example, where there is left ventricular dysfunction, ACE inhibition is appro- 
priate; beta-blockade or a calcium channel blocker may relieve anginal symptoms; if pro- 
static symptoms are present, alpha-blockade may provide symptomatic benefit; and 
where borderline erectile dysfunction is a problem, a patient may elect to avoid a thiazide 
diuretic or beta-blocker. 
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Target 
140/90 mmHg — Low-risk patient 
130/80 mmHg — High-risk patient 


ACE Inhibitor (or ARB) 
Renal protection 
Retinopathy 
Cardiac failure 


Fig. 34.1 Choice of antihypertensive drug. 
ARB = angiotensin receptor blocker. 
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Recent Developments 


“en 1 A study by Gaede et al.” demonstrated that aggressive treatment of cardiovascular risk 
factors halved cardiovascular endpoints in patients with type 2 diabetes, hypertension 
and elevated albumin excretion. Patients were treated to a blood pressure target of 
140/85 mmHg—reduced to 130/80 mmHg later in the study—in conjunction with a 
glycosylated haemoglobin (HbAIc) target <6.5%, total cholesterol <4 mmol/l and 
triglycerides <1.7 mmol/l, with near universal use of aspirin and an ACE inhibitor. 
However, 20% of patients did not reach the diastolic blood pressure target in the 
intensively treated group. 


Conclusion 


Evidence of prevalent cardiovascular disease should be sought, an electrocardiogram 
Ea should be performed and urinary albumin excretion assessed—probably by spot urinary 
albumin—creatinine ratio. Assuming hypertension remains uncomplicated, a low-dose 
diuretic would be a reasonable first-line agent. It is difficult to be dogmatic about a blood 
pressure target, though a target of <130/80 mmHg is reasonable—acknowledging that 
the lower the target, the more difficult this will be to achieve without an unsatisfactory 
number of medications or side effects. 
Finally, blood pressure lowering should be set within a context of aggressive cardiovas- 
cular risk reduction with smoking cessation, lifestyle intervention, antiplatelet therapy 
and cholesterol reduction. 
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Case History 


r= A 54-year-old newsagent with long-standing type 2 diabetes has hypertension and a 

æ history of myocardial infarction. He takes a thiazide, angiotensin-converting enzyme 
(ACE) inhibitor, beta-blocker and non-dihydropyridine calcium antagonist for 
hypertension, but blood pressure is repeatedly recorded at 148/86 mmHg or higher. 
Renal function is normal and there is no fluid overload. 


Should he be investigated for secondary hypertension? 


Would you alter his therapy? 
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Background 


© 
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A target blood pressure of 130/80 mmHg or lower in this situation’ is frequently difficult 
to achieve. Data from the UKPDS (United Kingdom Prospective Diabetes Study)? 
support the use of multiple blood pressure agents to try and achieve good blood pressure 
control, though at least 20% of people with diabetes will not achieve tight blood pressure 
control even with intensive blood pressure management. Non-adherence to a complex 
treatment programme is often cited as the cause of treatment failure—particularly as 
aspirin, a statin and oral and injection therapy for diabetes may be prescribed in addition 
to the four hypotensive agents described above. However, non-adherence to treatment 
may be as common in patients who do respond to therapy.? Secondary hypertension, 
though relatively uncommon, should be considered when blood pressure is resistant to 
therapy. There are no differences in the clinical features of secondary hypertension 
whether a patient has diabetes or not. 
The major questions are whether, and how, to: 


@ Investigate for white coat/office hypertension 
@ Investigate for secondary hypertension 
@ Renal artery stenosis 
@ Cushing’s syndrome (hypercortisolism) 
@ Conn’s syndrome (primary hyperaldosteronism) 
@ Phaeochromocytoma 
@ Other diagnoses 


@ Intensify treatment further 


White coat/office hypertension 


Hypertension that does not respond adequately to three or more hypotensive agents is 
defined as resistant and is one indication for ambulatory blood pressure monitoring 
(ABPM). ABPM records blood pressure away from the doctor’s clinic where readings may 
be significantly lower. When comparing ABPM readings against clinic targets and read- 
ings, 10/5 mmHg is generally subtracted—so a clinic target of 130/80 mmHg becomes an 
ABPM target of 120/75 mmHg. Significant correlation between ABPM readings and 
cardiovascular endpoints* means that ABPM can be used to assess adequacy of hypoten- 
sive therapy in white coat hypertension and as a trigger to intensify treatment if blood 
pressure is elevated. 


Secondary hypertension 


It is not feasible to screen all patients with hypertension and diabetes for all causes of sec- 
ondary hypertension—particularly as curable secondary hypertension in this clinical set- 
ting will be unusual. Clinical criteria are used to selectively investigate for secondary 
hypertension. 


Renal artery stenosis 


Renal artery stenosis in type 2 diabetes is the most problematic cause of secondary hyper- 
tension in diabetes and most likely to be due to atheromatous disease. There remains 
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debate about optimal management in patients who have renal artery stenosis if there is 
stable, abnormal renal function and tolerably good blood pressure control. The 
Angioplasty and Stent for Renal Artery Lesions (ASTRAL) trial should be helpful in 
informing this debate. It is therefore important to investigate for renal artery stenosis only 
if a decision about what to do with the test result has been made. There are no definitive 
criteria for selecting patients for investigation, but commonly used criteria are: 


@ refractory hypertension with grade II retinal changes; 

@ sudden deterioration in control of hypertension; 

@ rise in creatinine >20% on starting an ACE inhibitor/angiotensin II receptor blocker; 
@ flash pulmonary oedema; 


@ asymmetric kidney size. 


The gold-standard investigation is renal arteriography but this is usually reserved for 
use at the time of stenting, if this is indicated by less-invasive screening tests. Renal artery 
duplex was previously the most widely used assessment, but it is time-consuming, oper- 
ator-dependent and is being superseded by magnetic resonance angiography (MRA) with 
paramagnetic contrast administration, or helical computed tomography (CT) with CT 
angiography. These techniques are reported to have sensitivity and specificity in excess of 
95%. 


Cushing's syndrome 


Obesity and hypertension are commonly associated with type 2 diabetes and are also fea- 
tures of Cushing’s syndrome. No screening test for Cushing’s syndrome is 100% sensitive 
and specific, so it is important to try and raise the pre-test probability of a positive test to 
avoid frequent and fruitless investigation for Cushing’s syndrome. There are no definitive 
criteria for selecting patients for investigation, but commonly used criteria are: 


@ simultaneous appearance of hypertension and hyperglycaemia which is resistant to 
treatment; 


@ centripetal obesity; 
@ new abdominal striae; 
@ thin skin with easy bruising. 


There are pros and cons with both of the commonly used screening tests. The over- 
night dexamethasone suppression test (1 mg at midnight; 0900am serum cortisol 
<50 nmol/l) has a sensitivity of 97-100% but a specificity of only 90%. Twenty-four-hour 
urinary free-cortisol measurements have a sensitivity of approximately 98% and specifi- 
city of approximately 98%. However, 24-hour collections may be incomplete or inter- 
mittently normal in Cushing’s syndrome. 


Conn's syndrome 


Up to 50% of patients with primary hyperaldosteronism are normokalaemic.® This may 
be more common in patients who have an aldosterone-secreting adenoma. There are no 
definitive criteria for selecting patients for investigation. Some authors recommend 
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screening all patients with resistant hypertension who are not taking an aldosterone 
antagonist, using an ambulatory, 0800am plasma aldosterone concentration to plasma 
renin activity ratio.” Approximately one-quarter of patients with primary hyperaldos- 
teronism identified following this screening test will have an adrenal adenoma. Of these, 
not all will be fit for surgical resection, so an oral aldosterone antagonist may be more 
acceptable treatment—and it may be simpler to offer this as a therapeutic trial. It is 
important to have considered the potential treatment outcomes and discussed them with 
the patient prior to doing the test. 


Phaeochromocytoma and other diagnoses 


Phaeochromocytoma and acromegaly may cause glucose intolerance/diabetes. The triad 
of headache, sweating and tachycardia is present in approximately 50% of patients pre- 
senting with phaeochromocytoma. Screening is usually with 24-hour urine collections 
for free catecholamines and catecholamine metabolites. Plasma metanephrine measure- 
ment is more sensitive and specific, but the assay is not universally available. Coarctation 
of the aorta may be identified on clinical examination for radiofemoral pulse delay. 

Screening for acromegaly should be reserved for patients where the index of suspicion 
is high. A random growth hormone measurement of <2 ng/ml and an insulin-like growth 
factor-1 level in the reference range for age and sex almost certainly excludes acromegaly 
and precludes the need for a 75 gram oral glucose tolerance test with growth hormone 
testing. 


Up to 20% will not achieve 
tight BP control 


Check compliance 


Consider secondary cause 
Renal artery stenosis 
Conn's syndrome 
Other endocrine disease 


Fig. 35.1 Management of hard-to-control 
hypertension. BP = blood pressure. 


ABPM | 


Set realistic target 


Periodic screening for 
end-organ damage 
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Recent Developments 


KODY 


1 Obstructive sleep apnoea (OSA) is closely associated with obesity, and the prevalence 
is rising as it is increasingly identified by physicians. Sleep apnoea is defined as five or 
more apnoea/hypopnoea episodes per hour during sleep associated with daytime 
sleepiness. Arousal from sleep terminates apnoeic episodes and is associated with 
extreme hypertension, with systolic values >300 mmHg recorded. Many studies have 
now identified OSA as an independent predictor of systemic hypertension.’ Effective 
treatment with nocturnal continuous positive airway pressure reduces mean arterial 
blood pressure substantially—by 10 mmHg in a recent study.’ The diagnosis of OSA 
may be first suspected if excessive snoring or apnoeic events are identified by the 
patient’s sleeping partner. Daytime somnolence presents characteristically during 
passive situations such as watching television, long meetings or driving. The gold- 
standard investigation for OSA is full polysomnography including assessment of 
breathing, sleeping by electroencephalogram and other physiological variables such as 
oxygen saturation and pulse rate. Increasing referrals for assessment have meant that 
many laboratories have inadequate facilities to offer full polysomnography to all those 
referred, and home assessment devices that record only pulse oximetry and electro- 
cardiogram are frequently used as an initial screening test. 


Conclusion 


Screening for secondary hypertension will produce false-positive tests because of the high 
sensitivity and relatively low specificity of some of the tests outlined above. Selective test- 
ing rather than screening reduces the need for time-consuming and anxiety-provoking 
further investigation. The suggested practice is not to screen for secondary hypertension 
without a clear indication and a strategy for positive, negative and intermediate probabil- 
ity results. 

In this case, there is little indication to screen for haemodynamically significant renal 
artery stenosis as renal function is normal despite use of an ACE inhibitor. MRA may 
reveal radiographic renal artery stenosis, but stenting of the renal arteries is associated 
with an uncertain risk—benefit ratio. Without other clear clinical pointers, the only other 
screening test to be considered would be a plasma aldosterone concentration to renin 
activity ratio. However, as the specificity of a positive screening test for surgically curable 
hypertension is so low, it may be more pragmatic to prescribe a trial of an aldosterone 
antagonist. This may be particularly appropriate in this case, as the patient has already 
suffered a myocardial infarction and a recent trial demonstrated that the use of 
eplerenone was associated with a 15% reduction in death following myocardial infarction 
associated with left ventricular failure.® 

Suggested practice would be to ensure that the current treatment plan is acceptable to 
the patient and that non-adherence is not a significant problem. ABPM may identify an 
element of white coat hypertension. If not, a fifth hypotensive agent—probably an aldos- 
terone antagonist—would be introduced to see if this lowered blood pressure further 
toward 130/80 mmHg. It is suggested to ask specifically about symptoms of OSA. Also, 
ensure that lipid lowering and glycaemic control are optimized, both of which may also 
reduce the risk of a further vascular event. 
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36 Painful Neuropathy 


Case History 


A 58-year-old company manager with a six-year history of type 2 diabetes complained of 
a persistent, sharp stabbing pain in his feet. His symptoms are worse at night and often 
made worse by light pressure—for example by a blanket—over his feet. On examination, he 
has easily palpable foot pulses and peripheral neuropathy manifesting as loss of pinprick 
and vibration sensation up to his ankles. 


Describe the pathophysiology and clinical features of painful neuropathy. 


How would you attempt to relieve his symptoms? 


Background 


Peripheral neuropathy is one of the most common complications of diabetes, affecting 
20-50% of patients. Prolonged duration of diabetes and poor glycaemic control are major 
risk factors for developing peripheral neuropathy. Its precise pathogenesis is unclear but is 
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likely to be multifactorial and include metabolic and vascular factors. Chronic hypergly- 
caemia results in activation of the polyol pathways and protein kinase C activation, leading 
to myoinositol depletion, a reduction in peripheral nerve conduction and degeneration of 
myelinated and unmyelinated sensory fibres. Endoneural and epineural vasculopathy have 
been observed, while neural hypoxia and endothelial dysfunction suggest impairment of 
the microcirculation. 

Distal sensory peripheral neuropathy (DPN) is the most common type of diabetic neu- 
ropathy and a diagnosis of DPN can only be made after a careful clinical examination. All 
patients with diabetes should be screened annually for DPN by examining pinprick and 
vibration perception (using a 128 Hz tuning fork). Combinations of more than one test 
have >87% sensitivity in detecting DPN. Simple quantitative tests, using a biothesiometer 
for vibration sensing or a 10 g Semmes-Weinstein monofilament for pressure sense, have 
been shown to be useful predictors of future foot ulcer risk. Clinical presentation can be 
divided into ‘positive’ symptoms, such as painful neuropathy (as is the case for this 
patient), and ‘negative’ symptoms such as sensory loss—often in a glove and stocking 
distribution. Clinical examination may reveal distal muscle wasting, foot deformity, 
reduced (or absent) ankle reflexes, loss of vibration sense and dry skin, the latter possibly 
due to concurrent autonomic neuropathy. Characteristic ‘positive’ symptoms of painful 
DPN include ‘burning; ‘shooting; ‘stabbing’ or lancing pain, heightened skin sensation 
(hyperaesthesia), pain to non-injurious stimuli (allodynia) and altered temperature sensa- 
tion. Painful DPN can present in two forms: an acute and self-limiting form that resolves 
within a year, or a chronic form that can go on for years.’ 

Painful DPN is notoriously difficult to treat. Hence, suggested practice is to delay 
the initiation of treatment until the possible beneficial effect of a particular treatment 
is thought to outweigh its potential adverse effect. Treatment of painful neuropathy 
can be divided into two groups: symptom-modifying drugs (for symptom relief) and 
neuropathy-modifying drugs (to alter the clinical course of the nerve damage).? 


Symptom-modifying drugs 

Patients with DPN should aim for stable and optimal glycaemic control. This approach is 
supported by several observational studies, which suggest that neuropathic symptoms 
improve not only with optimization of glycaemic control but also with the avoidance of 
extreme blood glucose fluctuations. Most patients will still require drug treatment for 
painful symptoms. Simple analgesia is not effective in painful DPN. Treatment approaches 
that have their efficacy confirmed in randomized controlled trials include antidepressants, 
anticonvulsants, other drugs, acupuncture and spinal cord stimulators. 

Tricyclic antidepressants, e.g. amitriptyline, have been shown to relieve pain in patients 
with painful DPN, independently of their antidepressant action, and are usually used as a 
first-line drug choice. Amitriptyline acts by blocking reuptake of norepinephrine and, 
if effective, would provide symptom improvement within days. The initial starting dose 
is 25 mg at night, with dose up-titrated until symptoms are relieved, maximum dose is 
achieved or side effects develop. Adverse effects include sedation, dry mouth, postural 
hypotension, constipation, urinary retention and, occasionally, cardiac arrhythmias. The 
antidepressants sertraline and trazodone have also been reported to benefit painful neur- 
opathy, but fluoxetine (40 mg/day) did not reduce pain. Paroxetine (40 mg/day), however, 
has been shown in a randomized, double-blind, crossover study to significantly improve 
symptoms compared with placebo. 
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The anticonvulsant carbamazepine has traditionally been used as a second-line 
therapy to tricyclic antidepressants. The starting dose is usually 100 mg once or twice a 
day, which can be increased depending on symptoms and side effects such as blurred 
vision, dizziness or unsteadiness. The newer anticonvulsant, gabapentin (900-3600 mg/day), 
has also been shown to be effective in treating painful neuropathy. In a study involving 
165 patients with painful diabetic neuropathy, gabapentin reduced mean daily pain score 
by 40% compared with placebo. It has been suggested that lower dosages of gabapentin 
(<900 mg/day) are ineffective in treating neuropathy. More recently, pregabalin (300- 
600 mg/day)—a developmental successor to gabapentin—was shown in three random- 
ized, double-blind, multicentre studies of 5-8 weeks’ duration to be superior to placebo in 
relieving pain and improving pain-related sleep interference in a total of 724 patients with 
painful DPN. Significant reductions in weekly mean pain scores (primary endpoint) and 
sleep interference scores were observed at one week and sustained thereafter. Significant 
reduction in pain was apparent on the first day of treatment with pregabalin 300 mg/day. 
In two 12-week placebo-controlled trials, twice-daily fixed doses (600 mg/day) or flexible 
doses (150-600 mg/day) of pregabalin were also effective in reducing pain and sleep inter- 
ference in a total of 733 randomized DPN patients. Pregabalin was well tolerated in 
patients with painful DPN, though mild-to-moderate dizziness, somnolence and peri- 
pheral oedema were the most common adverse events. There are no data comparing 
different anticonvulsants or anticonvulsants in combination with antidepressants. 

Other agents are used when the above drugs have failed, or in combination with tradi- 
tional treatments. Tramadol is an opioid-like centrally acting, non-narcotic analgesic, 
which has been shown to be effective in painful DPN. The starting dose is 50 mg, increas- 
ing gradually to a maximum of 400 mg/day. Adverse effects are nausea, constipation and 
headaches, but these side effects are generally better tolerated than those occurring with 
conventional opiates. Capsaicin cream (0.75%) has also been shown to be efficacious in 
treating painful DPN. It acts by depleting sensory nerve terminals of the neurotrans- 
mitter substance P and blocks conduction in the type C nociceptive fibres. Other pharma- 
cological agents, such as glyceryl trinitrate spray (a nitric oxide donor), mexiletene (antiar- 
rhythmic agent) and amantadine (an antiviral), have also been shown in small studies to 
improve symptoms in patients with painful DPN. A chance observation in one patient 
prompted a small trial involving eight obese patients with type 2 diabetes and painful 
DPN. In this study, the use of the anti-obesity agent, sibutramine (15 mg/day)—a com- 
bined serotonin and noradrenaline reuptake inhibitor—resulted in a 50—100% reduction 
in pain within one week of treatment initiation, with pain relapse upon cessation of 
treatment. Larger trials are required to confirm these observations from smaller studies. 

Other approaches to treatment of painful DPN include acupuncture and spinal cord 
stimulators. In one open-label trial, acupuncture was shown to provide significant symp- 
tomatic relief in over three-quarters of treated patients. It is thought to act by stimulating 
the spinal cord, midbrain and hypothalamus to release neurotransmitters with analgesic 
properties such as encephalins and endorphins. The effect of direct stimulation to the 
spinal cord has also been examined in one study. A stimulator placed in the epidural space 
and turned on when there was pain, was shown to provide pain relief to most patients for 
the duration of the study. Long-term use of spinal nerve stimulators may also provide 
significant pain relief over a prolonged period of time with little associated morbidity. 
These studies, however, were small with questionable methodology and these treatment 
approaches are therefore reserved for patients who do not respond to all other treatment. 
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Fig. 36.1 Management of painful neuropathy. 


Neuropathy-modifying drugs 

The role of these agents in the treatment of painful DPN is still being investigated and 
does not currently form part of routine clinical practice. Alpha-lipoic acid, for example, is 
an antioxidant that has been shown in some trials to provide symptomatic relief. While its 
use is not established in most parts of the world, it has been used routinely in Germany for 
the past 20 years in patients with DPN. Gamma-linolenic acid has been shown in two 
multicentre trials to provide improvement in symptoms of DPN and nerve conduction 
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velocity. Nerve growth factor (NGF) promotes growth of small-fibre sensory and sympto- 
matic neurons in peripheral nerves and is thought to be beneficial in DPN. Studies on 
NGE, however, have shown contradictory findings, although parenteral NGF may be of 
some benefit. Aldose reductase inhibitors have been extensively studied in DPN. They act 
by blocking the aldose reductase pathway—an important enzymatic pathway in the 
pathogenesis of DPN. Convincing evidence to support their efficacy is lacking due to 
problems with toxicity and adverse effects. 


Recent Developments 


KON 


1 A recent randomized, double-blind, placebo-controlled study? compared the efficacy 
of a combination of gabapentin and morphine with that of each as a single agent in 
patients with painful diabetic neuropathy or post-herpetic neuralgia. Patients received 
daily active placebo, sustained-release morphine, gabapentin, or a combination of 
gabapentin and morphine—each given orally for five weeks. Of 57 patients who 
underwent randomization (35 with diabetic neuropathy and 22 with post-herpetic 
neuralgia), 41 completed the trial. Mean daily pain (on a scale from 0 to 10, with 
higher numbers indicating more severe pain) was rated as follows: 5.72 at baseline, 
4.49 with placebo, 4.15 with gabapentin, 3.70 with morphine, and 3.06 with the 
gabapentin—morphine combination (P <0.05). Total scores on the Pain Questionnaire 
(on a scale from 0 to 45, with higher numbers indicating more severe pain) at a maxi- 
mal tolerated dose were 14.4 with placebo, 10.7 with gabapentin, 10.7 with morphine, 
and 7.5 with the gabapentin—morphine combination (P <0.05). Gabapentin and mor- 
phine combined achieved better analgesia at lower doses of each drug than either as a 
single agent, with constipation, sedation and dry mouth as the most frequent adverse 
effects. 


2 Recent data suggest that impaired nitric oxide (NO) synthesis may play an important 
role in the pathogenesis of painful DPN. In diabetic rats, impaired neuronal NO gen- 
eration induced hyperalgesia, whereas decreased NO production has been shown to 
reduce endoneurial blood flow in type 2 diabetic patients with peripheral sensory 
neuropathy. A preliminary study* reported that isosorbide dinitrate (ISDN) spray, an 
NO donor with potent local vasodilating properties, relieved some sensory symptoms, 
particularly pain and burning sensation. A subsequent pilot study showed that ISDN 
spray significantly reduced both neuropathic pain and burning sensation. No treat- 
ment difference, however, was observed with other sensory modalities (hot/cold sen- 
sation, tingling, numbness, hyperaesthesia and jabbing-like sensation). The potential 
of ISDN spray in alleviating other specific sensory symptoms associated with diabetic 
peripheral neuropathy merits further study. 


Conclusion 


The pathophysiology of painful diabetic neuropathy involves vascular and metabolic fac- 
tors. Treatment of painful neuropathy should be structured. Currently available agents 
with documented efficacy in clinical trials for symptomatic relief of neuropathic pain 
include anticonvulsant drugs (such carbamazepine, gabapentin and pregabalin), tricyclic 
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antidepressants, opiates and other treatment options such as mexiletene, tramadol, cap- 
saicin cream, acupuncture and spinal cord stimulators." 


Further Reading 


À Z 1 Boulton AJM, Vinik AI, Arezzo JC, Bril V, Feldman EL, Freeman R, Malik RA, Maser RE, Sosenko 
JM, Ziegler D. Diabetic Neuropathies: A statement by the American Diabetes Association. 
Diabetes Care 2005; 28: 956-62. 


2 Singleton JR. Evaluation and treatment of painful peripheral polyneuropathy. Semin Neurol 
2005; 25: 185-95. 


3 Gilron I, Bailey JM, Tu D, Holden RR, Weaver DF, Houlden RL. Morphine, gabapentin, or their 
combination for neuropathic pain. N Engl J Med 2005; 352: 1324-34. 


4 Yuen KC, Baker NR, Rayman G. Treatment of chronic painful diabetic neuropathy with 
isosorbide dinitrate spray: a double-blind placebo-controlled cross-over study. Diabetes Care 
2002; 25: 1699-1703. 


37 Microalbuminuria 


Case History 


A 36-year-old teacher underwent microangiopathy screening at his general practitioner's 
surgery. He has evidence of background retinopathy, no evidence of peripheral neuropathy 
and no proteinuria on urine analysis. Urinary aloumin-creatinine ratio was 5.2, 5.9 and 
5.5 mg/mmol on three separate sample assessments. His blood pressure was controlled at 
132/74 mmHg. He was referred to your clinic for advice. 


Outline the natural history of diabetic renal disease. 
How would you further investigate this patient? 


How would you manage this patient? 


Background 


Diabetic nephropathy is the most common cause of end-stage renal disease in the western 

©} world and is associated with greatly increased cardiovascular morbidity and mortality as 

well as the presence of other microvascular complications. Increased understanding of 

the natural history of diabetic renal disease (described below) has supported therapeutic 
intervention much earlier in the course of the disease. 
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Stage 1. Hyperfiltration—increased glomerular filtration rate (GFR) reflecting under- 
lying glomerular hyperfiltration and hyperperfusion. 


Stage 2. Silent phase—normalization of GFR associated with early histological abnor- 
malities in the kidney such as glomerular hypertrophy and subtle thickening of glomerular 
basement membrane. 


Stage 3. Microalbuminuria—defined as a urinary albumin excretion rate (AER) of 
20-200 g/min (30-300 mg/24 h); equivalent to a urine albumin—creatinine ratio (ACR) 
of 10-25 mg/mmol, or ACR of >2.5 for males and >3.5 for females, confirmed over three 
separate occasions within a three-month period, in the absence of a urinary tract infec- 
tion. The onset of stage 3 predicts the development of overt renal disease and is associated 
with an increased risk of cardiovascular events. 


Stage 4. Overt nephropathy—defined as AER above 200 g/min or 300 mg/24 h 
(equivalent to ACR of >25 mg/mmol or protein-creatinine ratio of >0.3 from a spot 
morning urine sample). Urine dipstick is positive for protein and, untreated, this stage is 
associated with a relentless loss of GFR (by 1-24 ml/min/year) until end-stage renal 
failure supervenes. 


The patient described above should have microalbuminuria confirmed with three posi- 
tive ACR tests over a three-month period. AER assessment is more precise and can be for- 
mally measured using an overnight (8 hours) urine collection, which is more practicable 
for the patient than a 24-hour collection. Albumin excretion may vary by as much as 40% 
and clinicians should be aware of potential confounding factors and non-diabetic causes 
of albuminuria. Upon confirmation of microalbuminuria, serum urea and creatinine 
should be measured at baseline and then every six months. Risk factors associated with the 
progression of renal disease and cardiovascular disease should be identified and treated 
(Figure 37.1). If microalbuminuria is left untreated, the trend is one of increasing protein- 
uria until overt nephropathy develops. The rate of progression of microalbuminuria is 
heavily influenced by blood pressure control, blood glucose control and the use of agents 
which block the activation of the renin—angiotensin system. 

The beneficial effect of lowering blood pressure in reducing progression of diabetic 
renal disease and overall cardiovascular mortality is well established. Blood pressure 
reduction also reduces AER and retards progression from micro- to macroalbuminuria. 
Various blood pressure targets have been assessed, as have different classes of antihyper- 
tensive agents, alone and in combination. Although appropriate blood pressure targets 
have not been clearly established, it seems reasonable to suggest a target of 130/80 mmHg 
for patients with microalbuminuria, with a lower target of 125/75 mmHg suggested for 
patients with heavy proteinuria (>1 g/day). In practice, evidence from clinical trials has 
illustrated the difficulty in achieving such targets, which require multiple antihypertensive 
therapies. 

While blood pressure reduction (rather than the choice of antihypertensive agent per 
se) should be the paramount aim of therapy, inhibitors of the renin—angiotensin system 
(RAS) may exert renoprotective effects beyond their antihypertensive properties. In the 
EUCLID study (EURODIAB Controlled Trial of Lisinopril in Insulin-Dependent Diabetes 
Mellitus),' involving 530 patients, angiotensin-converting enzyme (ACE) inhibition with 
lisinopril slowed the progression of nephropathy in normotensive patients with type 1 dia- 
betes, with the greatest effect being seen in those with microalbuminuria. A meta-analysis 
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Fig. 37.1 Management of microalbuminuria. 


of individual patient data (698 patients) examining the effect of ACE inhibition compared 
to placebo in microalbuminuric type 1 diabetes followed for at least two years, confirmed 
that ACE inhibitors reduced the risk of developing proteinuria by 60% and increased the 
likelihood of reverting to normal albumin excretion three-fold over two years.” The bene- 
ficial effect of ACE inhibition, however, appeared to wane after the first year of treatment, 
suggesting delay rather than prevention of proteinuria. Several small, short-term studies in 
type 1 diabetes have also shown similar reduction in AER with angiotensin II receptor 
blockers. The role of RAS inhibitors in normoalbuminuric, normotensive patients with 
type 1 diabetes, however, remains unproven. For patients with microalbuminuria and 
hypertension, a combination of an ACE-inhibitor and a loop diuretic is often used as the 
first-line antihypertensive treatment. 

The strongest evidence for preventing microalbuminuria progression in patients with 
type 1 diabetes by means of tight glucose control comes from the Diabetes Control and 
Complications Trial (DCCT). Intensive therapy achieved a mean reduction of 2% in gly- 
cosylated haemoglobin (HbAIc) compared with the conventionally treated group. In the 
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cohort of patients with microalbuminuria, 5.2% of the intensively treated group de- 
veloped overt proteinuria at nine years compared with 11.3% of the conventionally treated 
group—a risk reduction in developing proteinuria of 56% (95% confidence interval 
18-76). Thus, the United Kingdom and United States recommendations are to establish 
and maintain tight blood glucose control, with a HbAlc target of <7% if this can be 
achieved safely. 

The presence of microalbuminuria signifies a major risk of cardiovascular death. 
Aggressive management of cardiovascular risk factors is thus essential.* A study involving 
patients with type 2 diabetes and microalbuminuria reported a 50% reduction in cardio- 
vascular morbidity and mortality and 60% reduction in progression to proteinuria in the 
group allocated intensive, multifactorial intervention according to a target-driven proto- 
col. Aspirin, statins and ACE inhibitors were prescribed for everyone in the intensively 
treated group, with lifestyle advice to encourage weight loss and smoking cessation and 
definition of strict targets for HbAlc. Although similar data in patients with type 1 dia- 
betes are not yet available, the benefit of lipid lowering and antiplatelet treatment in 
patients with high cardiovascular risk is overwhelming. Moreover, there is strong evidence 
to suggest that hyperlipidaemia is associated with a more rapid progression of renal dis- 
ease. It is thus suggested practice to initiate statins and aspirin treatment for all patients 
with microalbuminuria, targeting towards an optimal lipid profile. 


Recent Developments 


O 


1 Recent studies have suggested a favourable, changing trend in the natural history of 
diabetic nephropathy among patients with type 1 diabetes. It is estimated that over a 
lifetime of diabetes, 50% of patients will develop microalbuminuria. Of these, 20-30% 
may progress to proteinuria, but a further 40% will remain microalbuminuric and, 
importantly, 20-30% of patients may revert to normoalbuminuria.* This may be 
explained by improved management of blood pressure and blood glucose control. 


2 Increased understanding of the biochemical mechanisms involved in the pathogenesis 
of diabetic nephropathy has led to research in developing future therapeutic strategies 
to prevent the progression of microalbuminuria by limiting glucose-mediated renal 
damage. This includes development of advanced glycation end product inhibitors 
(e.g. aminoguanidine), aldose reductase inhibitors and, more recently, protein kinase 
C-B inhibitors (ruboxistaurin). The role of complete renin—angiotensin—aldosterone 
system blockade by combining an ACE inhibitor, an angiotensin II receptor blocker 
and an aldosterone antagonist (e.g. eplerenone) for patients with microalbuminuria is 
being investigated. 


3 More recently, molecular studies have focused on the role of the glomerular epithelial 
cells (or podocytes) in mediating albuminuria in patients with diabetes. Longitudinal 
data show an association between podocyte loss and albuminuria.” Abnormalities in 
podocyte proteins have been shown to cause proteinuric renal disease in humans and 
morphological changes in the podocyte’s foot processes (broadening and effacement) 
lead to slit spaces between podocytes allowing the passage of protein into Bowman’s 
space. Preliminary experimental work has suggested that abnormalities in podocyte 
morphology and structure may be reversed therapeutically. 
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Conclusion 


The detection of microalbuminuria identifies a group of patients with a high risk of car- 
diovascular morbidity and mortality as well as increased risk of diabetic renal disease. 
Aggressive management of patients’ blood pressure (which should include therapy with a 
RAS inhibitor) and blood glucose, and the use of statins and aspirin may improve clinical 
outcome. Further studies are underway to determine new therapeutic strategies to retard 
progression of renal disease in patients with diabetes. 
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38 


ACE Inhibitor Treatment 


Case History 


A 36-year-old lady with type 1 diabetes is noted to have microalbuminuria and mild 
hypertension. Her baseline serum creatinine is 80 pmol/l. She is started on lisinopril 10 mg 
per day. Creatinine rises to 110 mol/l six weeks later. Serum potassium is normal, and her 
blood pressure is 144/92 mmHg. 


Should her angiotensin-converting enzyme (ACE) inhibitor be discontinued? 
Would treatment with another antihypertensive drug be more appropriate? 


When should angiotensin receptor blocker (ARB) treatment be considered in type 1 
diabetes? 


What is the present evidence relating to dual ACE inhibition and ARB use? 


How should this patient be monitored? 


Background 


© 
ea 
` 


Diabetes is now the leading cause of end-stage renal failure. Diabetic nephropathy affects 
up to 40% of patients with diabetes and is associated with increased risk of other 
microvascular, as well as macrovascular, complications of diabetes. Microalbuminuria 
occurs when urinary protein excretion is between 30 mg and 300 mg per 24 hours, and is 
the earliest stage of diabetic nephropathy. Tight glycaemic and blood pressure control 
is recommended to prevent diabetic nephropathy, both in type 1 and type 2 diabetes." It is 
not certain that blockade of the renin—angiotensin system (RAS) has a specific role in 
preventing nephropathy in type 1 diabetes. There is no evidence to support RAS inhibition 
in patients with type 1 diabetes who are not hypertensive and do not have albuminuria. 
RAS inhibition does appear to be protective in similar patients with type 2 diabetes. 
Effective treatment of hypertension both slows progression of diabetic renal disease and 
reduces risk of a cardiovascular event. Numerous trials with diuretics, beta-blockers 
and ACE inhibitors have shown benefits in patients with diabetes. There does appear to be 
a specific role, over and above decreasing blood pressure, of RAS blockade in slowing the 
progression of established nephropathy, both in type 1 and type 2 diabetes. It is uncertain 
whether RAS blockade reduces risk of cardiovascular disease over and above its effects on 
blood pressure. Results of the HOPE (Heart Outcomes Protection Evaluation) and LIFE 
(Losartan Intervention For Endpoint reduction in hypertension) studies suggested that 
RAS blockade may be superior, but the studies do not allow that conclusion to be firmly 
drawn. 
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Antagonists of the angiotensin II type 1 receptor (ARBs) have recently become available 
for patients with hypertension with or without nephropathy. These agents have a good 
side-effect profile, as they are highly selective AT, receptor blockers, and may benefit vascu- 
lar tone and modelling because of unopposed AT, receptor-mediated action. A recent 
meta-analysis? suggested that ARBs are not superior to other available antihypertensives in 
terms of blood pressure reduction. There are limited long-term data and a beneficial effect 
on cardiovascular morbidity and mortality has yet to be convincingly demonstrated. The 
most compelling argument for their use is in patients with type 2 diabetes and nephro- 
pathy, where at least three recent studies have demonstrated retarded progression of 
nephropathy. 

Increased serum creatinine after starting ACE inhibitors or ARBs is common, but 
increases of >50% only occur in around 5% of patients. The agents can also impair potas- 
sium excretion, leading to hyperkalaemia. Monitoring urea and electrolytes within two 
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(timed collection) 
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Fig. 38.1 ACE inhibitors and microalbuminuria. The above scheme is for a patient with type 1 diabetes. 
BP = blood pressure; OD = once daily; ACEI = angiotensin converting enzyme inhibitor. 
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weeks of starting RAS blockade and at two-monthly intervals, at least for the first year, is 
recommended. Glomerular filtration rate (GFR) is maintained by a pressure gradient 
(normally around 35 mmHg) across the renal ultrafiltration surface. This gradient relies 
on adequate perfusion pressure in the afferent arterioles and vasoconstriction in the ef- 
ferent arterioles. The former is reduced by renal artery stenosis and the latter maintained 
by angiotensin II, and so is decreased by RAS blockade. Renal artery stenosis has been 
reported in up to 17% of patients with type 2 diabetes and macrovascular disease, and 
would be a contraindication to RAS blockade. In these patients, decreased renal perfusion 
led to a worsening of creatinine clearance and may precipitate acute renal failure. Renal 
artery stenosis should be considered in all patients who have disseminated atherosclerosis, 
and should be suspected in patients who have renal impairment without proteinuria and 
in those whose kidneys are asymmetrical on ultrasound examination. The investigation of 
choice for renal artery stenosis is now magnetic resonance angiography, but the diagnosis 
can also be made with Doppler ultrasonography and captopril renography. 


Recent Developments 


KON 


1 Many patients with hypertension or heart failure have insulin resistance. The question 
of whether treatment with ACE inhibitors or ARBs can prevent, or delay the onset of, 
type 2 diabetes has recently been addressed by Scheen’? in a meta-analysis. He reviewed 
eight hypertension (including HOPE and ALLHAT [Antihypertensive and Lipid- 
Lowering Treatment to Prevent Heart Attack Trial]) and two heart failure trials. Of 
36 167 patients treated with RAS blockade, 7.4% developed diabetes compared with 
9.6% of 39 902 patients treated with other agents. This was a relative risk reduction of 
22%, and was highly statistically significant. 


2 Genetic factors play an important part in the development of diabetic nephropathy. 
Polymorphisms in the RAS are important determinants of the variable activity of the 
system between individuals.* Thus, different forms of the genes for angiotensinogen, 
ACE and the angiotensin II type 1 receptor have been identified. Genotyping could 
be helpful to identify patients at risk of progressive renal disease, and also to target 
therapies that block the RAS. 


3 There is now considerable evidence that ACE inhibitors have a beneficial effect on 
all-cause mortality in patients with diabetes and renal disease.” While ARBs have 
comparable benefits in terms of blood pressure, proteinuria and renal function, their 
long-term mortality benefits in this group of patients remain to be established. 


4 There are theoretical benefits of blocking both the production and the action of 
angiotensin II by concurrent administration of an ACE inhibitor and an ARB.®’ The 
CALM (Candesartan And Lisinopril Microalbuminuria) study, published in 2000, 
demonstrated benefits of dual blockade in blood pressure reduction and micro- 
albuminuria. Other studies, both in diabetic and non-diabetic cohorts, have confirmed 
the potential benefits of dual blockade, but this is not currently routinely recom- 
mended, although it should be considered in high-risk individuals. 
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Conclusion 


This patient has diabetic nephropathy and available evidence suggests that blockade of 
the RAS is the treatment of choice for management of her hypertension. Blood pressure 
control is generally more important than tight glucose control in slowing the advance of 
nephropathy. There is no indication to stop this patient’s ACE inhibitor at present, but her 
renal function should be closely monitored—every six weeks or so. An angiotensin recep- 
tor blocker would not offer an advantage in this case. The case for routinely using dual 
blockade with an ACE inhibitor and ARB is not strong enough at present. If this patient’s 
blood pressure remained imperfectly controlled while taking an ACE inhibitor, the next 
stage would be to prescribe a diuretic along with the ACE inhibitor. General measures 
should include limiting sodium and protein intake, management of dyslipidaemia and 
considering aspirin use if the patient is at high risk of a cardiovascular event. 
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39 Advancing Renal Failure 


Case History 


(HbA 1c) has rarely been below 10%. Proteinuria was identified at age 23 and he 
subsequently failed to attend out-patient appointments. He has been referred back as his 


A 28-year-old chef has had type 1 diabetes from age 11. Glycosylated haemoglobin 


serum creatinine is now 186 pmol/l. 
How should he be managed? 
Does he require referral to a renal physician? 


Will tightening glycaemic control improve his outlook? 


Background 


O Long-standing proteinuria and poor glycaemic control make diabetic nephropathy 

~Q] (increased urinary albumin excretion in the absence of other causes) the most likely dia- 
gnosis. However, alternative diagnoses such as structural renal disease, childhood reflux 
nephropathy, membranous nephropathy, immunoglobulin A nephropathy or glomerulo- 
nephritis should be considered. The stage of renal disease should be identified so that 
appropriate action can be taken to treat complications of renal failure and plan for renal 
replacement therapy. Nephropathy in type 1 diabetes is almost invariably associated with 
retinopathy and frequently associated with neuropathy, so these should be specifically 
identified. 

Diabetic nephropathy is marked by progression from normal urinary albumin excre- 
tion (UAE), through increased UAE, to reduced glomerular filtration rate (GFR) and 
finally, end-stage renal failure. Approximately one in three people who have had type 1 
diabetes for 20 years will develop persistent microalbuminuria (UAE 30-300 mg/24 h), 
of whom half will already have gone on to develop persistent macroalbuminuria 
(>300 mg/24 h).' The DCCT/EDIC (Diabetes Control and Complications Trial/Epidemi- 
ology of Diabetes Interventions and Complications) study cohort? demonstrated that 
poor glycaemic control is the major modifiable risk factor associated with increased UAE 
in type 1 diabetes. Studies in the 1980s suggested that progression from microalbuminuria 
to macroalbuminuria occurred eventually in approximately 80% of patients. However, 
aggressive intervention, as described below, can halt or reverse progression of micro- 
albuminuria in up to 60% of patients.* Where macroalbuminuria or reduced GFR are 
already established, aggressive intervention can substantially slow progression of renal dis- 
ease. However, at least one in five people receiving renal replacement in industrialized 
nations have diabetes. 
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Table 39.1 a 


GFR (ml/min/1.73m2) Stage Interpretation Action 

290 1 Renal damage with normal Make diagnosis and slow progression 
or raised GFR 

60-89 2 Mild Estimate speed of progression 

30-59 3 Moderate Evaluate complications 

15-29 4 Severe Prepare for renal replacement 

<15 (or dialysis) 5 Renal failure Renal replacement 


GFR = glomerular filtration rate. 


GFR is the best guide to the stage of renal disease and is a prompt for appropriate 
action to be taken. The Cockcroft-Gault formula has been modified following the publi- 
cation of the Modification of Diet in Renal Disease (MDRD) study and the MDRD cal- 
culation of GFR is now preferred—particularly as it performs better as GFR declines.* 
Serum creatinine is a poor guide to GFR because it is dependent upon many variables 
including sex, weight, age, race and diet. Creatinine clearance measured by urinary collec- 
tion overestimates GFR because of tubular secretion of creatinine. Direct measurement of 
GFR is too cumbersome for general use. 

In macroalbuminuric patients with type 1 diabetes, projected decline in renal function 
is approximately 1 ml/min/month. Only blood pressure reduction has a proven effect in 
reducing the decline in renal function, though multifactorial intervention to treat dys- 
lipidaemia and improve glycaemic control and the use of low-dose aspirin may all benefit 
microvascular and macrovascular disease elsewhere. 

Lowering blood pressure? using an angiotensin-converting enzyme (ACE) inhibitor- 
based regime slows loss of GFR by approximately two-thirds and halves the risk of death, 
dialysis or transplantation over four years. Dual blockade of the renin—angiotensin sys- 
tem (RAS) with an ACE inhibitor and angiotensin receptor blocker may have synergistic 
effects.’ A target blood pressure of <125/75 mmHg is reasonable, but this will require 
more than two antihypertensive agents in at least 65% of patients. Suggested practice is to 
use a diuretic in combination with RAS blockade; then a long-acting calcium antagonist or 
cardioselective beta-blocker as a third-line agent and other agents as tolerated beyond that. 
A rise in serum creatinine of 20% with initial inhibition of the RAS would be tolerated in 
this situation, but a continuing rapid rise should prompt withdrawal of RAS blockade and 
consideration of renal artery stenosis. 

Intensive blood glucose control has little positive effect on the decline of renal function 
once GFR is reduced. However, intensification of glycaemic control is good practice 
because of effects on retinopathy and neuropathy—which are almost universal in this 
clinical setting. Similarly, the use of statin therapy to drive low-density lipoprotein (LDL) 
cholesterol below 2.6 mmol/l and low-dose aspirin may not preserve renal function but 
may reduce the risk of a cardiovascular event—the likeliest ultimate cause of death. 
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Recent Developments 


KC 


1 Itis unlikely that therapy will become available that can universally prevent estab- 
lished decline of GFR in moderate renal disease. However, ever-lower blood pressure 
targets and novel treatments show promise in reducing the rate of this decline. 


2 A meta-analysis? of the effect of statin therapy on decline of GFR in patients with dia- 
betic and non-diabetic nephropathy suggested that statin treatment could slow GFR 
decline by approximately 0.15 ml/min/month. Observations of positive effects of 
statin therapy on decline of GFR have also been reported in the Heart Protection 
Study. The mechanism by which this occurs is unclear. It may simply be preservation 
of renal arterial calibre, or may be by preserving vascular endothelial function and a 
more haemodynamically advantageous balance between endothelium-derived 
vasodilators, such as nitric oxide, and vasoconstrictors, such as angiotensin II and 
endothelin. 


3 Novel agents directed at earlier nephropathy also show some promise in reducing 
albumin excretion rate in human subjects and in experimental diabetes: 


@ A four-month study of oral sulodexide,® an orally available glycosaminoglycan, 
reduces albumin excretion rate in micro- and macroalbuminuric patients with 
type 1 and type 2 diabetes. Its effects seem to be mediated in part by a reduction in 
the activity of transforming growth factor-B, acting directly on the mesangial 
matrix and basement membrane to improve selectivity of the glomerular ultrafil- 
trate without affecting renal haemodynamics. 


@ Ruboxistaurin, an inhibitor of protein kinase C-B, has been shown to reduce albu- 
min excretion, normalize GFR and reverse glomerular lesions in experimental dia- 
betes in rodents, though it remains untested in this situation in humans. 


Conclusion 


This man has stage 3 (moderate) renal disease with MDRD GFR of 40 ml/min/1.73m?. He 
is very likely to require renal replacement therapy in the future as it is unlikely that deteri- 
oration in renal function can be reversed, though it could be slowed. It is likely that he will 
require referral to the nephrology team as he has moderate renal damage with clear pro- 
gression of disease. These points should be explained to the patient. 

Assessment of the renal disease should include a careful history, examination and lab- 
oratory and radiological investigations. Microscopy of urinary sediment, urine culture, 
24-hour urine collection (or urine spot protein—creatinine ratio) and ultrasound of the 
renal tract will help exclude glomerulonephritis and structural renal disease and coinci- 
dent urinary infection and quantify albumin excretion rate. Urinary albumin excretion 
<500 mg/24 h should prompt re-evaluation for non-diabetic renal disease. Renal biopsy 
would not usually be undertaken unless it is clear that there has been very rapid decrease in 
GER or no retinopathy or unexplained haematuria. 

A careful retinal examination and foot examination are mandatory. Risk factors for 
visual loss in this patient include poor glycaemic control and non-attendance for screen- 
ing examination of the retina. Efforts to intensify glycaemic control should be made— 
ideally to an HbA1c of <7%, though this seems an unlikely goal. Blood pressure should be 
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treated to <125/75 mmHg using an ACE inhibitor-based regime, statin therapy initiated 
aiming for an LDL <2.6 mmol/l, low-dose aspirin started and tobacco consumption 
stopped. Haemoglobin and iron status should be checked. Hepatitis B status should be 
ascertained and vaccination commenced in preparation for haemodialysis, as serological 
conversion rates drop as GFR declines. Finally he should be advised to avoid cannulation 
or venepuncture to his non-dominant arm. This precaution will preserve the veins for a 
potential future haemodialysis fistula. 
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40 Background Retinopathy 


Case History 


A 36-year-old housewife with long-standing type 1 diabetes attends your clinic for 
routine diabetic review. Two weeks prior, she underwent retinopathy screening at her local 
optician. The report showed evidence of scattered microaneurysm and no other 


abnormalities. 

How common is retinopathy in patients with diabetes? 
How severe is her retinopathy? 

How would you prevent the retinopathy from progressing? 


When would you refer her to the ophthalmologist? 


Background 


Q Diabetic retinopathy is a major cause of preventable visual loss amongst the 25—65 years 

“Q| age group. After 15 years of diabetes, almost all persons with type 1 diabetes will have 
some evidence of retinopathy, with about 50% developing proliferative retinopathy. 
Patients with type 2 diabetes, meanwhile, have a lower risk of developing retinopathy; 
however, the presence of retinopathy may be their first clinical manifestation of diabetes. 
In the United Kingdom Prospective Diabetes Study (UKPDS), approximately 37% of 
patients with type 2 diabetes were reported to have retinopathy at diagnosis. After 15 years 
from diagnosis, 5-10% of patients with type 2 diabetes will develop proliferative 
retinopathy and about 10-15% will have clinically significant macular oedema (MO). 
Patients with type 2 diabetes are more likely to develop earlier and more severe MO com- 
pared with type 1 diabetes. Blindness occurs not only as a result of complications of dia- 
betic retinopathy (e.g. vitreous haemorrhage or retinal detachment) and MO, but also 
due to an increased risk of cataracts and glaucoma. Prevention of retinopathy progression 
and early detection of sight-threatening retinopathy is therefore the best approach to 
reduce the risk of blindness. Hence, the implementation of an efficient screening pro- 
gramme should be a high priority for all organizations providing diabetes health care. 


Clinical lesions in diabetic retinopathy 

Diabetic retinopathy is a disease of the retinal vasculature and is characterized by loss of 
pericyte cells, retinal capillary closure, thrombosis, non-perfusion and capillary leakage. 
Classification of diabetic retinopathy is shown in Table 40.1. 
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Classification Clinical findings 


Non-proliferative diabetic retinopathy 


Minimal Microaneurysms (MA) only 

Mild MA + [intraretinal haemorrhage + hard exudates away from 
fovea + cotton-wool spots (CWS)] 

Moderate MA one/more quadrant + [CWS + venous beading + intraretinal 
microvascular abnormality (IRMA)] 

Severe Any one of the following (4-2-1 rule): Intraretinal haemorrhage 
in 4 quadrants or venous beadings in 2 quadrants or IRMA in 
1 quadrant 

Very severe Any two of the above 


Proliferative diabetic retinopathy 


Early New vessels at disc (NVD)(<1/4 disc diameter) + 
New vessels elsewhere (NVE) without bleeds + 
Pre-retinal bleeds or vitreous haemorrhage and 
NVE <1/2 disc diameter without NVD 


Late NVD >1/4 disc diameter + NVD with haemorrhage + 
NVE >1/2 disc diameter with haemorrhage 


Prevention 


The Diabetes Control and Complications Trial (DCCT)' and the UKPDS? have clearly 
shown that good glycaemic control is important in reducing the development and pro- 
gression of retinopathy in patients with type 1 and type 2 diabetes. In the DCCT, patients 
assigned to tight glycaemic control (mean glycosylated haemoglobin, HbAlc 7%), 
achieved a 47% reduction in the risk of developing pre-proliferative and proliferative 
retinopathy and 56% reduction in the need for photocoagulation when compared with 
the conventionally treated group (mean HbA1c 8.9%). In the UKPDS, a reduction of 
HbAIc by 0.9% resulted in a 25% reduction in microvascular endpoint, largely driven by 
reductions in retinopathy endpoints. Studies on retinopathy progression, however, have 
demonstrated a paradoxical worsening of retinopathy within the first year of intensive 
glycaemic control. This paradoxical worsening, however, did not amount to visual loss in 
those with mild to moderate retinopathy and the long-term benefits of intensive treat- 
ment should counterbalance this early worsening. Nevertheless, when intensive glycaemic 
control treatment is initiated in those with severe retinopathy, patients should ideally be 
referred to an ophthalmologist. 

Hypertension is a major risk factor for retinopathy progression and in the UKPDS, tight 
blood pressure control reduces the risk of retinopathy progression by approximately one- 
third. Whilst both captopril and atenolol were equally effective in reducing retinopathy in 
the UKPDS, evidence is emerging that agents that modulate the renin—angiotensin system 
(RAS) may have specific retinal-protective effects, independent of blood pressure re- 
duction. The EUCLID study (EURODIAB Controlled Trial of Lisinopril in Insulin- 
Dependent Diabetes Mellitus) showed that lisinopril treatment in normotensive patients 
with type 1 diabetes was associated with a reduction in the risk of retinopathy progression 
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(by at least one level on the EURODIAB scale) and the risk of progression to proliferative 
retinopathy. Despite a difference in the baseline glycaemic control between the two treat- 
ment groups, due to inadequate randomization, results from EUCLID form the basis of 
further studies to clarify the role of RAS inhibitors in reducing retinopathy progression. 
Potential mechanisms of RAS inhibitors in reducing retinopathy include reducing angio- 
genic growth factor expression, as well as inhibiting the direct and indirect effects of 
angiotensin II on angiogenesis and increasing endothelial permeability. 

The role of aspirin in modulating retinopathy progression was investigated in The 
Early Treatment Diabetic Retinopathy Study (ETDRS). Aspirin (650 mg/day) was not 
shown to have any effect in preventing visual loss in patients with advanced retinopathy, 
but in patients with mild to moderate retinopathy, the role of aspirin is unclear. Patients 
with diabetes with high serum lipid concentrations also have an increased risk of develop- 
ing proliferative retinopathy, clinically significant MO and retinal hard exudates. Studies 
investigating the role of statins in reducing retinopathy progression, however, have so far 
been confined to small, under-powered studies, albeit with favourable outcomes. 

Screening for diabetic retinopathy is therefore essential and has been shown to be cost 
effective and result in reduced risk of visual disability. Current recommendations suggest 
that patients with mild non-proliferative diabetic retinopathy should be screened annu- 
ally and if more severe changes develop, screening should be arranged on a three-monthly 
basis. Diabetic retinopathy may worsen in pregnancy and screening is therefore recom- 
mended at each trimester. Direct ophthalmoscopy as a screening modality is extremely 
operator-dependent and is associated with high error rates and low sensitivity and speci- 
ficity. An effective high-quality screening programme should encompass high population 
coverage, sensitivity >80% and specificity >95%, with agreed referral process and criteria, 
as well as locally agreed system of governance.* The UK national screening committee has 
advocated the use of digital retinal photography, conducted and evaluated by trained 
personnel. 


Recent Developments 


VON 


1 The Diabetic Retinopathy Candesartan Trial (DIRECT)* is an ongoing large, random- 
ized, double-blind control study involving more than 4000 patients, to determine the 
impact of treatment with candesartan (an angiotensin receptor blocker) for primary 
and secondary prevention of diabetic retinopathy. 


2 Extensive experimental and clinical data have supported the potential benefit of a 
protein kinase C-B inhibitor” (ruboxistaurin) in attenuating retinopathy progression. 
Two large, multicentred trials—Diabetic Retinopathy Study (DRS) and protein kinase 
C-Diabetic Macular Edema (DME)—are ongoing to evaluate whether oral treatment 
with ruboxistaurin will delay progression in patients with moderate to severe 
retinopathy. Results should be announced in 2006. 


Conclusion 


Diabetic retinopathy is very common and affects nearly all patients with type 1 diabetes 
after 20 years of having diabetes. Reassuringly, this patient’s retinopathy is mild and does 
not currently require ophthalmological referral. She requires annual screening and referral 
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Patients should be referred to the ophthalmologist for any of the following criteria: 


@ Anunexplained drop in visual acuity 

@ There are hard exudates within 1 disc diameter of the fovea 

@ Macular oedema is present 

@ There are unexplained retinal findings 

@ Pre-proliferative or more advanced (severe) retinopathy is present 


to an ophthalmologist should be made if she fulfils any of the points listed on Table 40.2. 
Treatment to achieve tight blood sugar and blood pressure control will reduce the risk of 
retinopathy progression. 
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Case History 


pa A 26-year-old mechanic has failed to attend his last three diabetes clinic appointments. 

æ He attends for review, and his visual acuity in both eyes is 6/24. Fundoscopy revealed 
widespread microaneurysms in both eyes, and hard and soft exudates in both eyes but 
most prominently in the upper temporal quadrant of his left eye and near the right 
macular region. There is also evidence of venous beading, intraretinal microvascular 
abnormality and new vessels near the left optic disc. 


What is the significance of his fundoscopy findings? 
What is the prognosis of his eyes if left untreated? 


Discuss the medical and ophthalmic management of his advanced retinopathy. 


Background 


Q) Proliferative diabetic retinopathy is defined as the presence of new vessels on the surface of 

“| the retina or optic disc. New vessels often arise in the posterior pole of the retina and are 
associated with retinal ischaemia. If untreated, 50% of patients with retinal new vessels are 
blind within five years. Where new vessels are within one disc diameter of the optic disc, 
prognosis is often worse, with 50% of patients becoming blind within two years. When 
new vessels are seen, patients should be referred urgently (by fax or telephone) to an 
ophthalmologist. The natural history of diabetic new vessels is of initial proliferation 
followed by regression. Adherence of fibrous tissue to the new vessels and contraction of 
the surrounding vitreous can cause traction on the new vessels leading to haemorrhage, 
retinal detachment and subsequent visual loss. The prevalence of proliferative retinopathy 
is directly related to the duration of diabetes and degree of hyperglycaemia. Meticulous 
control of glycaemia and blood pressure level is therefore the most effective approach to 
preserving vision. In patients with established proliferative retinopathy, the mainstay of 
treatment is retinal laser photocoagulation with or without operative procedures. 

The observation that extensive retinal photocoagulation had unexplained beneficial 
effects on both new vessel formation and macular oedema prompted the organization of 
the Diabetic Retinopathy Study (DRS)' followed by the Early Treatment Diabetic 
Retinopathy Study (ETDRS).? Both studies, which included a total of approximately 
5400 patients, form the basis for current approaches to treatment of advanced retinopathy 
(pre-proliferative and proliferative retinopathy, as well as macular oedema) using photo- 
coagulation therapy.* The principal form of treatment for proliferative retinopathy is 
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panretinal laser photocoagulation, usually by argon laser. Laser photocoagulation works 
by ablating ischaemic inner retinal tissues and oxygen-consuming photoreceptors, as well 
as by destroying retinal pigment epithelium resulting in the release of anti-angiogenic fac- 
tors. Panretinal photocoagulation is beneficial in patients with new vessels at the disc and 
vitreous haemorrhage, and possibly in patients with new vessels elsewhere or those with 
severe non-proliferative retinopathy. A more recent analysis of the ETDRS data suggests 
that early treatment with panretinal photocoagulation may be effective in reducing visual 
loss, particularly in patients with type 2 diabetes. Complications of laser treatment include 
transient macular oedema, constriction of visual fields, retinal haemorrhage, uveitis, reti- 
nal vein occlusion and, rarely, retinal detachment. Headaches may also follow laser treat- 


Proliferative diabetic 
retinopathy 
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Fig. 41.1 Management of proliferative diabetic retinopathy. 
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ment, and if severe, glaucoma should be excluded. The risks of these complications are 
reduced by using low-energy levels and by applying the treatment over several sessions. 
ETDRS showed that aspirin did not affect the progression of retinopathy, risk of visual loss 
or the risk of vitreous haemorrhage among patients with proliferative retinopathy, 
although aspirin did reduce the risk of morbidity and death from cardiovascular disease by 
17%. Patients with persistent vitreous haemorrhage, persistent severe proliferative 
retinopathy or macular retinal detachment will benefit from pars plana vitrectomy. The 
Diabetic Retinopathy Vitrectomy Study showed that patients with type 1 diabetes benefit 
from early rather than late vitrectomy,* whilst deferment of vitrectomy did not appear to 
affect visual outcomes in patients with type 2 diabetes. Unfortunately, vitrectomy is associ- 
ated with a variety of complications and rates of no light perception have been reported to 
be more than 20%. 

For practical purposes, clinically significant macular oedema (CSMO) is defined as any 
retinopathy lesion within half a disc diameter of the centre of the macula. Diagnosis of 
macular oedema is made clinically and sometimes with the aid of fluorescein angio- 
graphy. Macular disease should be suspected in patients with reduced visual acuity, 
reduced colour vision and/or reduced contrast sensitivity. Whilst patients with ischaemic 
maculopathy are not responsive to treatments, laser treatment is often effective in patients 
with focal and diffuse exudative maculopathy. In focal maculopathy, treatment is applied 
directly at the area of leakage (e.g. microaneurysms at the centre of a circinate exudate), 
whilst diffuse macular oedema is often treated with grid macular treatment, commencing 
500 mm from the centre of the macula with sparing of the fovea. Patients should be 
reviewed about 2—4 months after treatment. Data from ETDRS suggest that a combina- 
tion of focal and grid photocoagulation reduced the risk of moderate loss of visual acuity 
in patients with CSMO by about 50%. Immediate photocoagulation is beneficial if 
oedema involves the centre of the macular, but treatment may be deferred if this is not the 
case. Where CSMO exists with proliferative retinopathy, ETDRS recommended that the 
macula should be treated first, as panretinal photocoagulation may lead to a worsening of 
the maculopathy. Similarly, cataract extraction may also worsen maculopathy and thus 
macular laser treatment should be applied first, prior to cataract surgery. 


Recent Developments 


KON 


1 Increased understanding of the pathophysiological mechanisms of diabetic retin- 
opathy has led to the identification of new pharmacological approaches in attenuating 
retinopathy progression. Activation of protein kinase C (PKC), specifically the B iso- 
form of PKC, is implicated in both the early- and late-stage manifestations of retin- 
opathy.° Studies are ongoing to determine the effectiveness of an orally administered 
PKC-B inhibitor in ameliorating retinopathy progression, proliferation and retinal 
vascular leakage. 


2 Two potential mediators of retinal angiogenesis and vascular leakage have recently 
been identified. Pigment Epithelial-Derived Factor (PEDF) inhibits both angiogenesis 
and vascular leakage, whilst Angiopoietin-1 (ANG-1) is pro-angiogenic but inhibits 
vascular leakage and its action is regulated by Angiopoietin-2 (ANG-2). Experimental 
studies are ongoing to improve our understanding of the factors which regulate PEDF, 
ANG-1 and ANG-2 action. 
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3 


Preliminary evidence has suggested that vitreal injection of triamcinolone acetonide, a 
minimally water-soluble steroid injected in suspension form, is well-tolerated and 
decreased the progression of diabetic macular oedema as assessed by optical coherence 
tomography and fluorescein angiography. It may therefore be a potential treatment of 
diabetic macular oedema and warrants extensive investigation in a randomized, 
prospective clinical trial. 


Conclusion 


This patient has proliferative retinopathy at the optic disc. Untreated, 50% of such patients 

Ea will become blind within two years of presentation. Urgent referral to an ophthalmologist 
is, therefore, mandatory. Treatment includes retinal photocoagulation therapy with ag- 
gressive blood sugar and blood pressure control to prevent retinopathy progression. He 
will undergo panretinal photocoagulation treatment over several sessions to reduce the 
discomfort of high-intensity laser treatment given over fewer sessions. 
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Case History 


A 74-year-old woman with a ten-year history of type 2 diabetes and hypertension has 
noted deterioration in vision. She has numerous haemorrhages and exudates around both 

maculae. Diabetes is reasonably well controlled (glycosylated haemoglobin, HbA1c 7.4%) 

on 80 mg gliclazide per day. Blood pressure was 145/95 mmHg at her most recent visit, 

and she takes bendrofluazide 2.5 mg per day for hypertension. Her cholesterol level is 

5.6 mmol/l. 


What is the prognosis for her vision? 
How should she be managed? 


Would she benefit from tighter diabetic control? 


Background 


Q Diabetic retinopathy is the commonest cause of blindness in the working-age population. 
S| However, visual handicap is much more common in the elderly and, amongst older 
patients with diabetes, macular disease is a much more common cause of visual loss than 
is classical diabetic retinopathy. Diabetic maculopathy (DMa), characterized by retinal 
thickening due to oedema and exudates within two disc diameters of the macula, is due to 
poor retinal perfusion and excessive capillary leakage. Retinal thickening at the posterior 
pole may cause early loss of colour vision and is associated with high risk of visual impair- 
ment amongst elderly patients with diabetes. Although present in up to 50% of patients 
with diabetic retinopathy, DMa has been much less intensively studied than classical 
retinopathy. It is associated with poor control and long duration of diabetes, with neu- 
ropathy and nephropathy, and with risk factors for atherosclerotic disease. The prevalence 
of DMa is increasing as the number of elderly patients with type 2 diabetes in the popula- 

tion increases. 

In the Liverpool Diabetic Eye Study,’ the cumulative incidence of sight-threatening 
maculopathy was 4.8% over six years among patients with type 2 diabetes. The corre- 
sponding figure for sight-threatening retinopathy was 6.1%. Jeppesen and Bek? recently 
documented the causes of blindness in Arhus County, Denmark; 0.6% of patients with 
type 1 diabetes and 1.5% of patients with type 2 diabetes were blind. Proliferative diabetic 
retinopathy accounted for 66.2% of blindness in type 1 diabetes, but only 18% of blind- 
ness in type 2 diabetes. DMa was the cause of blindness in 18.5% of type 2 patients, and 
age-related macular degeneration (AMD) accounted for 21.9% of cases. 
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Fig. 42.1 Sight loss due to macular disease and proliferative retinopathy. Dmac, diabetic macular disease; 
PDR, proliferative diabetic retinopathy. Blindness from proliferative diabetic retinopathy is decreasing in 
type 1 diabetes as detection and treatment become more effective. In type 2 diabetes, Dmac is a more 
common cause of blindness than proliferative retinopathy. Source: Jeppesen & Bek, 2004.7 


AMD affects up to 25 million people worldwide, and an estimated 300 000 people in the 
United Kingdom are either blind or partially sighted because of the condition.* The condi- 
tion is associated with age, hypertension, smoking and family history. Slow degeneration 
of the retinal pigment membrane cells in dry AMD leads to gradual deterioration in vision 
over many years. In the wet form, there is choroidal neovascularization, oedema and leak- 
age of blood and lipid materials. This form is often associated with rapid deterioration in 
vision. Photocoagulation using a thermal laser was the treatment of choice for wet AMD 
until recently. Photodynamic therapy using the photosensitizer verteporfin and a non- 
thermal laser is now the treatment of choice. 

There has been debate about whether AMD is more common amongst patients with 
diabetes, although a recent study has suggested that neovascular AMD is associated with 
diabetes.* Vascular factors are almost certainly important determinants of deterioration 
in AMD and it is no surprise that deteriorating vision in subjects with AMD appears to be 
more rapid when diabetes is present.” The role of nutritional factors is also of interest. 
Antioxidant vitamin (A, C and E) levels are often decreased in patients with either AMD 
or diabetes. There has been recent interest in AMD in the potential protective role of the 
carotenoids lutein and zeaxanthin, levels of which are decreased in obese subjects.* 
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Recent Developments 


KON 


1 A recent study from the United Kingdom Prospective Diabetes Study (UKPDS) 
Group* has investigated progression of retinopathy in relation to tight blood pressure 
control in 1148 patients with hypertension and type 2 diabetes followed for a mean of 
2.6 years. Patients allocated to tight blood pressure control developed fewer micro- 
aneurysms, hard exudates and cotton wool spots. They were less likely to have pro- 
gressive retinopathy and to require photocoagulation. The investigators did not detect 
any difference in those whose blood pressure was controlled with an angiotensin- 
converting enzyme inhibitor or with a beta-blocker. 


2 A very significant predisposition to AMD associated with modifiable risk factors is 
emerging: thus, smoking appears to be a potent risk factor with smokers being around 
twice as likely to develop AMD.’ There is also a strong association with obesity,* and 
this may relate to the pro-oxidant state that exists in obese subjects. 


Conclusion 


The patient is at high risk of developing severe visual impairment and requires urgent 
referral to an ophthalmologist for consideration of photocoagulation. Both diabetic mac- 
ulopathy and age-related macular degeneration are leading causes of visual loss among 
older patients with diabetes. The pathogenesis of these conditions is less well understood 
than that of diabetic retinopathy. Control of blood pressure is probably the most import- 
ant aspect of this lady’s management and, if she has persistently increased pressure, con- 
sideration should be given to stepping up her antihypertensive therapy. Tighter glycaemic 
control may be obtained with an increased dose of gliclazide or change to another hypo- 
glycaemic drug or combination therapy. Change to insulin is probably not warranted, 
particularly if her vision is deteriorating. Consideration should be given to lowering 
her cholesterol pharmacologically, as cardiovascular risk factors are associated with 
progression of macular disease. 
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Case 


Autonomic Neuropathy 


History 


A 52-year-old man with long-standing type 1 diabetes complains that he feels light- 
headed when he stands up. He has been losing weight recently and also complains of 
nausea, constipation and erectile dysfunction. There is a postural drop in his systolic blood 
pressure of 30 mmHg. His glycosylated haemoglobin (HbA 1c) is 9.1% and he takes 
Mixtard insulin 36 units twice daily. 


What is the differential diagnosis for his symptoms? 
How should he be investigated? 


What treatment options are available? 


Background 


TAX 


Diabetes is the commonest cause of autonomic neuropathy, which usually occurs in 
patients with long-standing diabetes and is generally accompanied by peripheral sensori- 
motor diabetic neuropathy. Even in a patient with diabetes, other causes of autonomic 
neuropathy should be considered. These include amyloidosis, a paraneoplastic syndrome, 
post-infection, toxins including heavy metals and drugs including vincristine and 
amiodarone.’ Apart from orthostatic hypotension, patients with autonomic neuropathy 
may suffer from: gastric paresis, which may give rise to nausea, vomiting and loss of 
appetite; altered bowel habit, usually presenting predominantly with constipation; bladder 
dysfunction, with incomplete emptying and increased residual volume; loss of sweating, 
particularly peripherally, and sometimes excess sweating meditated centrally, often in 
response to food intake (gustatory sweating); and men may suffer from erectile dysfunc- 
tion, although vascular and psychological factors frequently contribute to this symptom. 
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Cardiac autonomic neuropathy impairs heart rate response to exercise and leads to an 
increase in resting heart rate due to loss of vagal tone—and so, no heart rate response to 
the Valsalva manoeuvre. Diabetic autonomic neuropathy (DAN) increases the risk of sud- 
den death, although other factors such as the presence of coronary artery disease and 
nephropathy are also important predictors. DAN is an important complication of dia- 
betes, not only because of the symptoms it produces, but also because of its relation- 
ship with sudden death, decreased hypoglycaemic awareness, risk of silent myocardial 
ischaemia and increased perioperative risk. 

Orthostatic hypotension is defined as a decrease in systolic blood pressure of greater 
than 20 mmHg, or a diastolic fall of greater than 10 mmHg, on standing or head-up tilt, 
and is frequently one of the most disabling symptoms of DAN. Efferent sympathetic 
denervation leads to decreased vasoconstriction of splanchnic, skeletal and other vascular 
beds. This leads to decreased cerebral blood flow in circumstances where peripheral blood 
flow increases. Before drug treatment is considered, non-pharmacological measures 
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should be used where possible. Drugs that exacerbate hypotension should be stopped or 
the dose reduced. Patients should be instructed that situations associated with sudden 
head-up posture or straining may exacerbate symptoms of orthostatic hypotension. The 
symptoms are often worse early in the morning because of nocturnal natriuresis. Exercise 
increases skeletal muscle blood flow and food or alcohol increase splanchnic blood flow— 
both may increase symptoms of orthostatic hypotension. Ensure adequate salt and fluid 
intake. With severe symptoms and in acute illness, this may require intake of up to 10 litres 
of fluid per day and up to 10 grams of salt. Where symptoms are particularly disabling in 
the morning, head-up tilt of the bed activates the renin—angiotensin system overnight and 
decreases overnight salt and water loss. Atrial overpacing has been used by some to com- 
pensate for decreased blood pressure. This is not generally recommended but demand car- 
diac pacing may be beneficial in patients with carotid sinus hypersensitivity. 

When drug treatment is necessary, 9a-fluorohydrocortisone (fludrocortisone), a 
potent mineralocorticoid, is the drug of first choice. Doses of 0.1-0.3 mg/day may be 
effective. Where symptoms are worse early in the morning, taking the drug before bed 
may reduce nocturnal natriuresis. Side effects of overdosing include hypertension, fluid 
retention and hypokalaemia. Sympathomimetic drugs such as ephedrine (15—45 mg three 
times daily) may reduce symptoms. Side effects include tremor, reduced appetite, mood 
disturbances and nightmares, and urinary retention. The specific a,-adrenoreceptor 
antagonist midodrine at a dose of 2.5-10 mg three times daily has been used widely, but 
is not available in all countries. Release of vasodilatory peptides after food intake may con- 
tribute to symptoms. The short-acting somatostatin analogue octreotide may alleviate 
such symptoms at a dose of 25-100 wg three times daily. There is no specific evidence 
relating to the use of long-acting somatostatin analogues. Loss of salt and water overnight 
may exacerbate symptoms in the early morning. Desmopressin—either subcutaneously or 
orally—may alleviate symptoms at this time. Finally, erythropoietin has been used for 
autonomic symptoms in patients with renal failure and anaemia as it may improve oxygen 
delivery to neural tissues. 


Recent Developments 


KON 


1 Recent studies are shedding light on the epidemiology of DAN, and its importance as 
a complication of diabetes. Prevalence varies from 2% in patients with diabetes of 
recent onset to 35% in patients with long-standing type 1 diabetes. Recent evidence 
form the EURODIAB study? confirms that glycaemic exposure (duration of diabetes 
and poor control) is a risk factor, along with age, hypertension and the presence of 
retinopathy. The presence of microalbuminuria, independent of hypertension, also 
predicts development of DAN in patients with diabetes.* 


2 DAN can be diagnosed by simple bedside tests. However, even with tests in neuro- 
physiological laboratories, the condition may be under-diagnosed. A semiquantitative 
imaging test using the radiopharmaceutical '**I-metaiodobenzylguanidine has been 
used to demonstrate reduced catecholamine uptake in patients with DAN, and could 
form the basis for a simple and non-invasive clinical test.” 


3 Patients with diabetes are at increased risk of carotid artery stenosis (CAS). Impaired 
afferent baroreceptor activity in patients with CAS may lead to postural hypotension 
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and decreased heart rate responses to lowering of blood pressure.® Thus, orthostatic 
hypotension may occur as a symptom of macrovascular disease rather than of gener- 
alized autonomic failure. 


4 There is an association between autonomic neuropathy and the production of 
erythropoietin, and decreased production of the peptide may underlie the association 
between autonomic neuropathy and diabetic nephropathy. Erythropoietin has been 
suggested as a potential treatment for neuropathy in diabetes and may protect against 
neuropathic symptoms, including those caused by failure of the autonomic nervous 
system.’ 


Conclusion 


The patient has symptoms strongly suggestive of diabetic autonomic neuropathy. Treat- 
ment of this condition is difficult and is usually directed towards management of individ- 
ual symptoms. Empirically, his diabetes control should be improved. There is no direct 
evidence that this will improve his neuropathy but, as with other types of neuropathy, 
tight glycaemic control may prevent it advancing. Large doses of insulin can have a 
vasodilator effect, and attempts should be made to optimize control while keeping the 
insulin dose as low as possible. Education may help the patient to rationalize his symp- 
toms and avoid situations that provoke postural hypotension. If pharmacological treat- 
ment proves necessary, fludrocortisone is the usual drug of first choice. Symptoms are 
often worse in the morning, in which case the drug is best given at night to minimize 
sodium loss in the urine overnight. If symptoms persist, or fludrocortisone is not toler- 
ated, consider sympathomimetic drugs, octreotide, desmopressin or erythropoietin. 
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PROBLEM 


44 


Case 


The Charcot Foot 


History 


A 53-year-old unemployed man with long-standing type 1 diabetes is referred to hospital 
because his foot is painful and his left ankle is swollen. An X-ray of the foot and ankle 
shows fractures of the 4th and 5th metatarsals. 

What causes these changes? 


How should he be managed? 


Background 


The differential diagnosis of a unilaterally swollen lower limb is broad. It is important to 
reach a positive diagnosis so that appropriate treatment is offered—particularly where the 
integrity of the limb is threatened by delay in treatment. Deep vein thrombosis, ankle 
sprain, cellulitis or simple fracture are all possible diagnoses, but the finding of metatarsal 
fractures is key in ensuring that an acute (Charcot) neuroarthropathic joint is considered. 

Jean-Marie Charcot described the neuroarthropathic joint in syphilis in 1883. In 1936, 
Jordan described similar changes as a ‘neuritic manifestation [of] diabetes mellitus. The 
(Charcot) neuroarthropathic joint of diabetes is now recognized as a potentially deva- 
stating late complication that affects 1 in 700 patients, though this is probably an under- 
estimate. 

The pathophysiology of neuroarthropathy is imperfectly understood but involves syn- 
ergistic abnormalities of both the joints and vascular supply of the limb. 


@ Sensorimotor neuropathy in the affected limb is universal. Proprioceptive loss puts 
abnormal stresses through joints made lax by motor neuropathy. Inappropriate sig- 
nalling of pain means that chronic low-grade trauma is under-recognized. 


@ Glycation of connective tissues may reduce flexibility of the foot and also induce 
abnormal stresses through small joints. 


@ Autonomic neuropathy causes abnormal shunting of blood resulting in osteopaenia, 
bounding foot pulses and inadequate resolution of chronic minor trauma. 


@ These factors increase the risk of low-trauma fracture and impair normal healing. The 
consequences of a minor fracture can then be potentially devastating: instability, 
further fracture, subluxation/dislocation of the tarsus/ankle, permanent deformity, 
plantar ulceration, infection and amputation are all recognized. 
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A long history of diabetes (usually >15 years) and profound peripheral neuropathy are 
universal, though pain is often a feature of acute neuroarthropathy. In a non-ulcerated 
foot, the diagnosis is frequently missed on first presentation and late diagnosis can be 
responsible for permanent disability. A high index of suspicion is needed. Plain X-ray may 
demonstrate only minimal changes of osteopaenia or loss of joint space. Vascular calcifi- 
cation is a frequent finding, but is not specific to neuroarthropathy. A stress fracture may 
be invisible on plain X-ray and a careful history, supported by bone scintigraphy or mag- 
netic resonance imaging (MRI), may be needed. Resorption of phalanges, subluxation/ 
dislocation, bone fragmentation and sclerosis are characteristic late changes of neuro- 
arthropathy, but can be indistinguishable from changes associated with osteomyelitis. If 
there is ulceration/infection, then bone scintigraphy and MRI are often unhelpful in dif- 
ferentiating between neuroarthropathy and osteomyelitis. In this case it is pragmatic to 
treat both—though using a bisphosphonate would be unusual. 

There are three potential treatments for the non-infected, acutely neuroarthropathic 
foot: offloading, bisphosphonates and surgery (Figure 44.1). 


Offloading 


If acute neuroarthropathy is suspected, the limb should be promptly offloaded and im- 
mobilized. This will usually require a removable, non-weight-bearing cast with crutches/ 
wheelchair for mobility. This limits further disruption of the architecture of the foot and 
allows healing to commence. This is the mainstay of treatment and may require immobil- 
ization for many weeks or months until there is radiological evidence of stabilization and 
repair and the foot is cool. 

Once the initial episode has resolved, considerable care should be taken to find appro- 
priate footwear. Residual deformity should be accommodated in bespoke orthotic foot- 
wear. Where there is no or minimal residual deformity, precautions should be taken to 
protect the neuropathic foot from future trauma. 


Bisphosphonates 


The objective, clinical evidence of benefit from bisphosphonates is modest. One prospect- 
ive, randomized study of 39 patients has been published.' This studied the effects of 90 mg 
pamidronate or placebo on clinical and biochemical measures of activity in a ‘hot’ neuro- 
arthropathic foot. Symptom score, foot temperature and markers of bone turnover were 
lower in the foot treated with pamidronate during the initial weeks of treatment, though 
longer-term outcomes were not different between the two groups. Bisphosphonates are 
now used as adjunctive treatment. Oral bisphosphonates are likely to take the place of 
intravenous bisphosphonates. 


Surgery 


There are many small studies of primary surgical treatment—particularly where the ankle 
is involved or there has been substantial subluxation/dislocation at the talo-navicular 
joint or of the whole tarso-metatarsal complex (the Lisfranc dislocation). Surgery should 
generally be avoided in the acute phase, unless late presentation means that limb salvage 
cannot be achieved in any other way.’ Surgery also has a role in selected patients following 
resolution of the acute episode. Collapse of the arch can cause deformities such as a 
‘rocker-bottom’ foot or medial bony protuberance, which may cause skin ulceration due 
to abnormal pressure loading. Surgical intervention to realign the affected joint can be 
helpful, but usually only if there is no associated infection. 
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Management of infection and Fig. 44.1 Management of the 
ulceration Charcot foot. 


Optimize glycaemic control 


Offload and immobilize 


Bespoke orthotic footwear 


Bisphosphonates 
(often used, evidence not strong) 


Recent Developments 


1 A link between vascular calcification and osteopaenia in neuroarthropathy has 
recently been proposed.* The receptor activator of nuclear factor kappa B ligand 
(RANKL)/osteoprotegerin signalling pathway regulates bone turnover in various dis- 
eases and is thought to mediate the calcification of vascular smooth muscle cells in 
coronary and peripheral vascular disease. Peptides such as calcitonin gene-related 
peptide, produced by nerves and other tissues, normally exert control over the activa- 
tion of this pathway. The author postulates that this links neuropathy, unregulated 
vascular calcification and calcium resorption from bone in diabetic neuroarthropathy. 


Conclusion 


In a patient with long-standing diabetes with a swollen foot and metatarsal fractures, a 
Ss positive diagnosis and treatment plan are essential. Diagnoses such as thrombosis and 
infection are possible, but would not usually be associated with metatarsal fracture. If 
there is peripheral neuropathy, it would be prudent to treat this as an acute neuroarthro- 
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pathy and immobilize the affected lower limb in a non-weight-bearing plaster. Suggested 
practice is also to administer a bisphosphonate in the acute phase—intravenously if pos- 
sible or orally if this cannot be managed. The plain X-ray should be repeated after two 
weeks to determine if there has been deterioration or healing. Weight-bearing should not 
recommence until there is clear radiological evidence of healing and the temperatures of 
the affected and unaffected limb are equal.* 

Once healed, it is important to assess the shape of the foot. If there is deformity, consid- 
eration should be given to bespoke, orthotic footwear. The incidence of recurrence, con- 
tralateral neuroarthropathy or foot ulceration is in excess of 40% and the patient should 
be encouraged to seek prompt medical advice if either foot becomes warm, swollen or 
painful in the future. 
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45 Angina in Patients with Type 2 
Diabetes 


Case History 


re A 52-year-old smoker with type 2 diabetes is referred with myocardial-sounding 

(= exertional chest pain. He is normotensive. Glycaemic control is reasonable (glycosylated 
haemoglobin, HbA1c 7.2%), and he is treated with oral hypoglycaemic drugs. 
How should he be managed? 
Should he be immediately referred for coronary angiography? 


What are the most appropriate anti-anginal agents? 


Background 


@y) Ischaemic heart disease, type 2 diabetes and smoking are factors independently associated 

with an increased risk of cardiovascular disease and death. Diabetes is now regarded as a 

coronary risk equivalent following work by Haffner and others.' The history, examination 

and diagnostic testing—targeted toward ischaemic heart disease—should clarify the 

prognosis of coronary disease, optimal medical management and timing of appropriate 
coronary intervention. 
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All patients with diabetes and ischaemic heart disease should have aggressive risk fac- 
tor reduction. Smoking cessation, low-dose aspirin, statin therapy (target low-density 
lipoprotein [LDL] at least <2.6 mmol/l),” blood pressure lowering (target at least <130/80 
mmHg) and intensification of glycaemic control is usual. There is debate about whether 
angiotensin-converting enzyme (ACE) inhibitors should be used routinely and whether 
intensification of glycaemic control has an appreciable effect on macrovascular disease 
progression. However, microalbuminuria and microvascular complications of diabetes 
often coexist with coronary heart disease. 

A resting electrocardiogram (ECG), blood tests for fasted lipid levels, renal function 
and HbAIc, and urine testing to determine urinary albumin excretion will contribute to 
overall risk stratification in advance of exercise ECG testing. Exercise ECG testing helps 
determine both diagnosis and prognosis in patients who are able to exercise adequately 
and do not have left bundle branch block, resting ST-T wave abnormalities or digitalis 
effect on the resting ECG. If the exercise ECG is positive, it will be used to help determine 
whether coronary intervention is warranted. If exercise ECG testing is negative, the high 
pre-test probability in this case means that angina is still a likely diagnosis. Consideration 
should be given to coronary angiography if symptoms warrant this or further non- 
invasive testing with exercise or pharmacological stress imaging using echocardiography, 
thallium-201 or sestamibi-technetium-99m radionuclide imaging. 

Exercise ECG testing identifies the amount of ischaemic but viable myocardium and 
whether revascularization may be beneficial. Indications for coronary angiography in 
patients fit for revascularization include: 


poor exercise capacity due to coronary ischaemia; 

angina at low workload; 

low peak systolic blood pressure or a fall in blood pressure during exercise; 

flat or downsloping ST segment depression of >1 mm during exercise/recovery; 


ST segment elevation during exercise/recovery; 


significant ventricular dysrhythmia (tachycardia/couplets), particularly at low work- 
load or during recovery. 


Coronary angiography provides anatomical information to select patients for revascu- 
larization by coronary artery bypass grafting (CABG) or percutaneous coronary interven- 
tion (PCI). The BARI trial (Bypass Angioplasty Revascularization Investigation)? 
demonstrated that five-year survival in patients with diabetes was better in those who 
received CABG (81%) than those who received PCI (66%). This may be because the 
prevalence of complex cardiac disease—three vessel disease with left ventricular dysfunc- 
tion—is greater in the presence of diabetes and less amenable to PCI. However, these data 
do not reflect current practice: CABG in early trials was frequently performed using 
saphenous vein rather than internal mammary artery grafts, and PCI was performed 
without aggressive cardiovascular risk factor reduction, clopidogrel, heparin, glycopro- 
tein IIb/II]a inhibitors and, most recently, drug-eluting coronary stents. The current 
choice between CABG or PCT is tilting toward PCI.*° 

Very-long-term follow-up data from new stenting protocols and techniques are not yet 
available, but these practices are in regular use and have displaced conventional tech- 
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Fig. 45.1 Management of angina. 


niques in certain situations. Some centres now prefer to carry out PCI with drug-eluting 
stents rather than CABG if technically possible. The American College of Cardiology/ 
American Heart Association guidelines® do not yet reflect preferred current practice. 


PCI preferred: 


@ Proximal, isolated left anterior descending (LAD) stenosis, particularly if there is left 
ventricular dysfunction or medical treatment has failed 


@ Focal coronary disease with good left ventricular function 
@ Young patients who may require repeat CABG in their lifetime 


@ Older patients with comorbidities that preclude surgery 


CABG preferred: 


@ Significant left main stem disease 
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@ Diffuse triple vessel disease 
@ Two vessel disease with significant LAD disease 


@ Patients with diabetes 


Recent Developments 


KON 


1 The risk of restenosis requiring repeated intervention following PCI in patients with 
diabetes is approximately double that of patients without diabetes. Restenosis rates are 
halved by coronary stenting after balloon angioplasty, but 10-15% of patients without 
diabetes still suffer restenosis—usually within the first nine months of placement. 
Sirolimus (an immunosuppressant) and paclitaxel (an antineoplastic agent) are now 
used in polymer-coated drug-eluting stents to inhibit growth of vascular intima dur- 
ing the first few weeks following stent deployment. Both have demonstrated superior 
efficacy to bare metal stents in clinical trials—further halving restenosis rates to 
3-5% in patients without diabetes. Comparative trials suggest that sirolimus may be 
superior to paclitaxel.* A recent trial comparing sirolimus- and paclitaxel-coated stents 
in patients with diabetes demonstrated angiographic restenosis rates of 12% with 
paclitaxel and 6.4% with sirolimus.’ 


Conclusion 


A middle-aged male smoker with diabetes and exertional chest pain is likely to die of 
atheromatous vascular disease. Strenuous efforts should be made to reduce cardiovascu- 
lar risk factors. Dietary counselling, exercise and smoking cessation should support phar- 
macological intervention to achieve treatment targets consistent with the Steno Trial® 
(blood pressure <130/80 mmHg, HbAIc <6.5%, LDL-cholesterol <2.6 mmol/l and low- 
dose aspirin). The use of an ACE inhibitor if urinary albumin excretion is normal is con- 
troversial but is likely to form part of the treatment regimen for blood pressure. 

If the resting ECG provides no contraindication, an exercise ECG following with- 
drawal of negatively chronotropic drugs is indicated for diagnosis and prognosis. A posi- 
tive exercise ECG should support intervention as outlined above. If the exercise ECG is 
negative, further non-invasive testing may be appropriate—depending upon local expert- 
ise and availability. However, if activity is significantly limited by anginal symptoms 
despite medical treatment of angina (beta-blocker/calcium antagonist/potassium chan- 
nel opener/nitrate as tolerated), coronary angiography with a view to revascularization is 
indicated. The mode of revascularization will depend on coronary anatomy, availability 
of local expertise and advances in revascularization techniques. 
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Case History 


re A retired 61-year-old man is beginning to develop symptoms of intermittent claudication 

(= affecting his right calf. Foot examination reveals loss of dorsalis pedis and posterior tibial 
pulses on his right foot. His ankle-brachial pressure index (ABPI) is 0.72 taken in his 
affected limb. He does not smoke and you encourage him to continue to walk to stimulate 
collateral circulation. He is not keen for surgical intervention. 


Discuss lifestyle measures that he should adopt. 
What is the medical management for his problem? 


Discuss emerging treatment for the management of peripheral vascular disease 
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Background 


Measurement of ABPI is a non-invasive method to assess peripheral arterial disease 
(PAD). Patients with intermittent claudication typically have an ABPI ratio of 0.6-0.8. The 
mainstay of treatment for intermittent claudication is smoking cessation and regular exer- 
cise. A meta-analysis of randomized controlled trials of physical exercise has confirmed 
the benefits of regular exercise in improving walking distance.' Walking programmes 
should be supervised and involve 30 minutes per session, at least three times per week for 
six months. The beneficial effects may arise from improvement in patients’ cardiovascular 
fitness, increased production of nitric oxide and/or modification of cardiovascular risk 
factors. Patients should be told to ‘walk through the pain’ during exercise programmes, 
rather than to stop at the point when the pain begins since this helps increase collateral 
blood supply. Raising the heel of the shoe by 1 cm will also increase walking distance by 
reducing the workload on calf muscles. 

Large randomized trials have shown that aspirin, as monotherapy or in combination 
with dipyridamole, delays the progression of established PAD, as determined by serial 
angiography and need for surgical revascularization. In the CAPRIE study (Clopidogrel 
versus Aspirin in Patients at Risk of Ischaemic Events), clopidogrel resulted in a significant 
reduction in cardiovascular events, particularly in the subgroup of patients with PAD. 
Combination antiplatelet therapy may be preferred in patients with PAD who undergo 
angioplasty or stenting procedures. The phosphodiesterase type 3 inhibitor, cilostazol, also 
has effects on platelet function as well as on vasodilation and lipid levels. Double-blind, 
placebo-controlled trials in over 2000 patients have shown that cilostazol improves exer- 
cise tolerance, and evidence from subgroup analyses of multicentre trials suggests that 
patients with diabetes also respond favourably to cilostazol. This drug has been approved 
in the United Kingdom for improvement in pain-free and maximum walking distances. 
Blood pressure should also be lowered in patients with diabetes and PAD.’ In the United 
Kingdom Prospective Diabetes Study (UKPDS) cohort, a 10 mmHg lowering in systolic 
blood pressure produced a non-significant 16% reduction in risk of lower limb amputa- 
tion or peripheral vascular disease-related mortality. The Appropriate Blood Pressure 
Control in Diabetes (ABCD) study showed that in patients with type 2 diabetes with estab- 
lished PAD and a baseline diastolic blood pressure of 80-89 mmHg, intensive blood pres- 
sure control (mean blood pressure over four years 128/75 mmHg) cancelled out the excess 
risk of a cardiovascular event associated with PAD. In the 4046 subjects with PAD in the 
Heart Outcomes Protection Evaluation (HOPE) study, ramipril conferred a more signifi- 
cant reduction in morbidity and mortality compared with the total study cohort. Beta- 
blockers can be used safely in patients with diabetes particularly if a strong indication 
exists. Controlled studies have shown that beta-blockers do not adversely affect walking 
capacity or symptoms of intermittent claudication. 

Cholesterol lowering with statins and aggressive management of hyperglycaemia may 
also have disease-modifying effects on atherosclerosis in the lower limb. In the Scandin- 
avian Simvastatin Survival (4S) study, 4% of the participants had intermittent claudica- 
tion. The number of cases of new or worsening claudication during the trial was 
significantly less in the statin treatment group. The Heart Protection Study (HPS) showed 
a significant 24% reduction in vascular events with simvastatin, which was consistent in all 
subgroups, including patients with PAD. A Cochrane meta-analysis of lipid-lowering 
therapy in patients with PAD showed that active therapy reduces disease progression, the 
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Fig. 46.1 Management of peripheral arterial disease. 


severity of claudication and mortality. Hyperglycaemia, meanwhile, precedes the develop- 
ment of PAD and lower extremity amputation in patients with diabetes. A 1% increase in 
glycosylated haemoglobin (HbA1c) was associated with a 35—42% increased risk for ABPI 
<0.9 or obstructed crural arteries. In the UKPDS, patients who were allocated to tight gly- 
caemic control showed a trend towards a reduction in deaths from PAD and fewer ampu- 
tations (relative risk 0.61; P= 0.099).? 


Recent Developments 


KON 


1 Itis now recognized that the severity of symptoms in PAD and treatment outcomes are 
related to the degree of occlusive arterial disease and to the extent of collateral vessel 
formation. Therapeutic angiogenesis* by local administration of angiogenic growth 
factors, such as vascular endothelial growth factor (VEGF), in the form of gene transfer 
using viral or plasmid vectors or recombinant protein delivery, may stimulate col- 
lateral circulation through growth and proliferation of new blood vessels. Gene trans- 
fer allows prolonged expression of the protein, reduced systemic exposure to growth 
factors and ease of delivery to peripheral tissues, which may be advantageous. Although 
pre-clinical studies of VEGF delivered via gene transfer have been able to induce col- 
lateral blood flow and arteriogenesis, results from phase 1 and phase II ‘proof of con- 
cept’ clinical studies have been inconsistent. These inconsistencies may be explained by 
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differences in VEGF isoforms (e.g. VEGF121 and VEGF165), utilization of non- 
optimal doses and duration of VEGF expression, as well as uncertainties about the 
efficiency of gene transfer in adult skeletal muscles due to low concentrations of 
adenoviral receptors and physical barriers to transfection. 


Advances in the understanding of the pathophysiology of glycaemic vascular injury 
have also identified pathways which have potential for therapeutic modulation. These 
include: (1) increased oxidative stress and free radical-mediated damage; (2) form- 
ation of advanced glycosylation end-products; (3) diversion of glucose into the aldose 
reductase pathway; and (4) activation of one or more isozymes of protein kinase C. 
Experimental studies in targeting these pathways have focused on developing agents to 
restore normal vasorelaxation, stabilize plaques, reduce intercellular adhesion and 
enable regression of inflammatory mediators. In addition, further understanding 
of anti-atherosclerotic properties of currently available agents has also widened the 
scope of use of these agents. For example, recent ultrasonography evidence has shown 
that angiotensin-converting enzyme inhibitor may retard the progression of athero- 
sclerosis as demonstrated by carotid intima—media thickness; statins improve endo- 
thelial function independent of their lipid-lowering effects, whilst cilostazol inhibits 
neo-intimal hyperplasia and increases VEGF-mediated collateral vessel formation. 


Conclusion 


Lifestyle measures should include regular exercise and smoking cessation. His medical 

Cs management should be based not only in the context of lower limb salvage but also in 
terms of cardiovascular risk protection. Thus, antiplatelet agents and statins should be 
initiated with aggressive blood pressure reduction using a regimen which includes agents 
that block the renin—angiotensin system. There is evidence to support the use of cilostazol 
for symptom relief although long-term outcome remains unclear. Research into future 
therapies has focused on the role of therapeutic angiogenesis via VEGF gene therapy as 
well as therapeutic modulation of mediators of glycaemic vascular injury. 
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PROBLEM 


47 


Renal Artery Stenosis 


Case History 


A 54-year-old man presented with hypertension (blood pressure 160/92 mmHg). He is 
known to have stable angina and previously underwent angioplasty of his right femoral 
circulation for intermittent claudication. He stopped smoking three years ago. Renal 
function was impaired, with plasma urea 6.8 mmol/l and creatinine 130 mol/l. Urine 
dipstick showed no proteinuria. He has no evidence of retinopathy or peripheral 
neuropathy. 


What is the likely cause of his renal impairment? 
How would you investigate him? 


How would you treat his high blood pressure and abnormal renal function? 


Background 


This patient clearly has widespread atherosclerosis with abnormal renal function. In the 
absence of proteinuria, diabetic nephropathy is less likely to be the cause of his renal 
impairment. In view of his medical history, it is highly likely that he has some degree of 
atherosclerotic renovascular disease with bilateral renal artery stenosis (RArtS) contribut- 
ing to his renal impairment. 

Radiologically significant RArtS (>50% stenosis) is common and has been found in 
approximately 42% of patients with peripheral vascular disease. It is a common cause of 
chronic renal failure and constitutes about 15% of patients undergoing haemodialysis 
programmes for end-stage renal failure in the United Kingdom. In view of the accelerated 
nature of atherosclerosis in patients with diabetes, it is unsurprising that patients with 
diabetes constitute a large proportion of those found to have RArtS. Whilst accurate long- 
term epidemiological data for patients with diabetes and RArtS is lacking, it is estimated 
from smaller studies that radiologically significant RArtS occurs in approximately 15% of 
patients with diabetes and hypertension.' There should be a high index of suspicion for 
RArtS in patients with diabetes as many will be treated with an angiotensin-converting 
enzyme (ACE) inhibitor or an angiotensin receptor blocker (ARB), and these agents may 
induce an acute decline in renal function. The degree of RArtS, however, does not predict 
patients at risk of acute renal dysfunction after an ACE inhibitor or ARB challenge. RArtS 
should be considered in patients with diabetes who have unexplained renal impairment 
(particularly in the absence of proteinuria), a history of atherosclerosis, asymmetric 
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kidney size at ultrasound examination, and in patients who develop an acute rise in 
creatinine (by >30%) within ten days of ACE inhibitor or ARB therapy.’ 

Obstruction to the renal blood flow induces chronic ischaemia—predominantly of the 
renal tubules. Renal perfusion is then dependent on angiotensin II-induced vasoconstric- 
tion of the efferent arteriole. Failure to maintain glomerular filtration occurs when renal 
perfusion pressure drops below 70-85 mmHg. This is not likely to be observed until 
arterial luminal narrowing exceeds 50%. 

When RArtS is suspected, imaging studies can support and confirm the diagnosis. 
These techniques include: 


@ Ultrasound—helpful to determine the presence of a solitary kidney or obstructive 
nephropathy as a cause of renal impairment. Ischaemic nephropathy is suggested when 
there is significant asymmetry of the kidney size (i.e. size discrepancy of >1.5 cm). 


@ Radionuclide scanning—scanning following a single dose of captopril is only useful in 
patients with normal renal function. The sensitivity and specificity of this test is low. 


@ Duplex ultrasound scanning—obtains flow velocity data and can be used in patients 
with any level of renal function. Although the test is very sensitive and specific (98%), 
it is extremely labour intensive and technician-dependent. 


@ Magnetic resonance angiography (MRA)—non-invasive technique of choice. Provides 
useful information on renal vascular anatomy, and allows direct measurement of the 
blood flow rate, glomerular filtration rate and renal perfusion rate. Sensitivity of MRA 
is 90% for proximal RArtS and 80—100% for main RArtS, with a positive predictive 
value of 58%, and a negative predictive value of 100% for detecting stenosis of the 
main renal artery. 


@ Conventional arteriography—gold standard for diagnosing RArtS. An invasive 
technique with risk of bleeding from an arterial puncture and risk of contrast 
nephropathy. 


Treatment 


Cardiovascular risk should be aggressively managed. This may require the use of statins 
and aspirin as well as antihypertensive agents, aiming for a blood pressure below 
125/75 mmHg. In the absence of long-term data, indications for treatment by renal artery 
revascularization (angioplasty for non-ostial lesions and stenting for ostial lesions) remain 
unclear. Most nephrologists, however, would agree that renal revascularization is 
indicated if: 


1 Stenosis >80% 


2 Stenosis >50% but with a documented rise in creatinine (by >30%) after starting an 
ACE inhibitor/ARB, or a single functioning kidney 


3 Absence of chronic ischaemic nephropathy (kidney length >8 cm) 
4 Renal impairment is potentially reversible (creatinine <350 pmol/l) 


5 Episodes of flash pulmonary oedema (acute left ventricular failure in the absence of 
myocardial ischaemia) 


6 Severe hypertension resistant to aggressive medical therapy 
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Fig. 47.1 Diagnosis and intervention for renal artery stenosis. 


Recent Developments 


1 The ASTRAL (Angioplasty and Stent for Renal Artery Lesions) trial* is a multicentre 
study in the United Kingdom involving 1000 patients with atherosclerotic RArtS, 
including many with diabetes. This is the largest interventional trial in atherosclerotic 
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RArtS and is designed to address the issue of whether renal artery revascularization 
with balloon angioplasty and/or endovascular stenting can safely prevent progressive 
renal failure among patients with RArtS. Results of the trial should be available 
in 2006 and will hopefully dictate appropriate treatment options for patients with 
significant RArtS. 


Conclusion 


RArtS is common in patients with diabetes and should be suspected if there is evidence of 
progressive renal dysfunction, particularly if associated with peripheral vascular disease, 
lack of retinopathy or absence of significant proteinuria. MRA is the investigation of 
choice, while conventional arteriography remains the gold-standard technique for diag- 
nosis. Treatment of the patients should include the use of statins, aspirin, aggressive blood 
pressure reduction and renal artery revascularization where appropriate." 
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PROBLEM 


48 Foot Ulceration 


Case History 


surface of her right foot, underneath her 1st and 2nd metatarsal. There was evidence of 
infection but no clinical suspicion of underlying osteomyelitis. The ulcer has been an 


A 67-year-old woman with long-standing type 2 diabetes has a foot ulcer on the plantar 


ongoing problem over the previous ten months. 


Discuss the clinical course of a diabetic foot ulcer. 
Describe the biology of a chronic diabetic ulcer. 


Discuss the multidisciplinary management of diabetic foot ulcer. 


Background 


@ Diabetic foot ulcers affect up to 15% of people with diabetes and account for approxi- 

=Q] mately 24 000 hospital-bed days in the United Kingdom (UK)and 300 000 hospitaliza- 
tions in the United States annually. They are a major source of mortality, disability and 
distress to patients, many of whom suffer from other comorbidities. Treatment cost is 
high and creates an enormous financial burden to healthcare providers and affected indi- 
viduals.'* Ulcers generally do not respond well to treatment.* Current data suggest that 
only a third of those managed in secondary care in the UK heal by three months, and half 
at six months. Amputation rates are increasing in patients with diabetes, while decreasing 
in those without diabetes. Ultimately, between 15% and 27% of patients with non-healing 
ulcers will require some form of amputation. 

The normal healing process involves secretion of collagen and other factors to facilitate 
wound closure followed by the production of cytokines, fibroblasts and growth factors 
which induce proliferation and eventual scar formation. Chronic diabetic ulcers exhibit 
specific abnormalities in their biology which impairs this healing process. Important 
differences, for example, exist in the cellular infiltrate and expression of extracellular 
matrix in chronic diabetic ulcers compared with normal healing ulcers. Fibroblasts 
derived from diabetic ulcers show diminished proliferative capacity in vitro and abnormal 
morphology when compared with control fibroblasts. Hyperglycaemia is also associated 
with impaired glucose utilization by skin keratinocytes as well as reduced skin prolifera- 
tion and differentiation in vitro. Lack of sensation, poor infection healing and abnormal- 
ities in the micro- and macrocirculation all contribute to worse outcomes of diabetic 
ulcers. The pathophysiological relationship between diabetes and impaired ulcer healing is 
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thus complex. Vascular, neuropathic and biochemical parameters and immune responses 
may all contribute to defective tissue repair. 
The mainstays of diabetic foot ulcer treatment are: 


1 Wound debridement 
2 Control of infection 
3 Revascularization 


4 Offloading and foot pressure redistribution 


Wound debridement 


Debridement of all necrotic, callus and fibrous tissue forms a major part of foot ulcer 
management and should only be performed by an accredited podiatrist. Chronic ulcers 
produce elastase, collagenase and proteases which interfere with the normal reparative 
properties of locally produced cytokines and growth factors. Appropriate ulcer debride- 
ment will clear proteases and bacterial products producing a clean wound which facili- 
tates healing. Application of platelet-derived growth factor (PDGF), for example, has 
been shown to promote ulcer healing but only in ulcers that have undergone adequate 
debridement. 


Control of infection 


The majority of diabetic foot ulcers have mild to moderate degrees of infection. Because all 
ulcers are contaminated, culture of non-infected ulcers is not generally recommended. 
Organisms found range from non-pathogenic skin commensals (diphtheroids) to patho- 
genic organisms such as Staphylococcus aureus (the most important pathogen), Pseudo- 
monas, gram-negative bacteria and anaerobes. An ulcer can be considered to be infected if 
an organism is isolated from a pure culture, is repeatedly isolated or is isolated from deep 
tissue, or if there is an inflammatory response and purulent secretion. Bacterial load may 
also provide a definite answer to infection status. A bacterial count of >10° colonies/ml is 
considered to be an indication for antibiotic treatment. Radiographs should be obtained 
in most patients with deep or long-standing ulcers to rule out osteomyelitis. Gentle prob- 
ing may detect sinus tract formation, and a positive probe-to-bone finding has a high 
predictive value for underlying osteomyelitis (>90%). Failure to diagnose underlying 
osteomyelitis often results in failure of wound healing. Commonly used antibiotics are 
amoxicillin/clavulanate (Augmentin), flucloxacillin, cephalosporins, quinalones, metro- 
nidazole and clindamycin. Surgical drainage, deep debridement or local, partial foot 
amputations are necessary adjuncts to antibiotic treatment for infections that are deep or 
limb-threatening. 


Revascularization 


Peripheral arterial disease is a major predisposing factor for foot ulceration and poor 
healing. While most diabetic ulcers are neuroischaemic in origin, purely ischaemic ulcers 
are typically ‘punched out’ painful and are located at pressure areas such as the heel, in- 
between toes and distally. Gangrene of the extremities is common and may be com- 
pounded by the presence of infection. The most important physical finding is the absence 
of palpable pulses. Decreased bleeding during ulcer debridement is also a sign of arterial 
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insufficiency. Referral to a vascular surgeon is indicated in patients with non-healing ulcer 
and evidence of lower limb ischaemia. 


Offloading and foot pressure redistribution 


The maximal pressure exerted on a deformed foot when walking is twice that exerted on a 
normal foot. In addition, 75% of patients with neuropathy have much wider feet than 
normal. Thus, pressure reduction and appropriate footwear are essential components of 
treatment and must be pursued to promote ulcer healing and to reduce ulcer recurrence.* 
The latter is particularly relevant given that the recurrence rate of an ulcer is as high as 
70% over three years. Ill-fitting footwear should be replaced with pressure-relieving 
footwear. This comes in the form of postoperative shoes, half shoes (which limit weight- 
bearing to the heel or the forefoot) or ‘scotch-cast boots’. Insertion of Plastazote insoles 
with excavation at an ulcer site may further facilitate ulcer healing. Crutches or wheel- 
chair use might also be recommended to totally offload pressure from the foot. Greater 
use of total contact casting (TCC) should also be encouraged, as cast walls carry 30% of 
the pressure load and help to protect the ulcer. In a randomized controlled trial, TCC 
healed a higher proportion of neuropathic ulcers, in a shorter time, compared with two 
other modalities of offloading: removable cast walkers and half shoes.” A previous meta- 
analysis of 526 ulcers in 493 patients reported 88% healing in a mean time of 43 days. 
Improper use of TCC may, however, predispose patients to infection or development of 
additional ulceration. More recently, a study showed that ulcers with moderate ischaemia 
or infection can also be treated effectively with casting, although the healing rate was 
lower for ulcers with infection. Technique for applying a TCC is therefore important. 


Diabetic foot ulceration 


Fig. 48.1 Management of diabetic Treat infection 
foot ulceration. Treat peripheral arterial disease 
(where appropriate) 
Intensify glycaemic control 
Intensify cardiovascular 
risk factor control 


Wound debridement 


Offloading and foot 
pressure redistribution 


Consider growth factors or 
skin substitutes 
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Recent Developments’ 


a 1 
(©) 


Novel approaches using ‘skin substitutes and growth factors may revolutionize the 
management of diabetic foot ulcer in the future. Bioengineered graftskin (Apligraf) 
and human dermis (Dermagraft) are cultivated from human fibroblasts and secrete 
cytokines and growth factors which enhance ulcer healing. While preliminary studies 
have suggested that these products may be useful, results from large, randomized clin- 
ical trials using these products have been less convincing. Results from further trials 
are awaited. 


PDGF stimulates ulcer healing by promoting fibroblast and smooth-muscle prolifer- 
ation, enhancing collagen production and promoting angiogenesis. The genetically 
engineered PDGF, becaplermin (Regranex gel), is approved for use on neuropathic 
diabetic foot ulcers. Studies of this treatment involving more than 1000 patients have 
shown that this product is effective in promoting ulcer healing, provided that ulcers 
are adequately debrided and are of moderate size. The major limitation to the routine 
use of this product is cost. 


Conclusion 


Diabetic foot ulcers are a major source of distress, disability and cost. They do not 

Ea respond well to treatment and only a third of unselected ulcers heal within three months. 
The recurrence rate is high and up to one-third of patients require some form of amputa- 
tion. The most frequent underlying aetiologies are neuropathy, peripheral arterial disease 
and foot deformity. Chronic diabetic ulcers exhibit specific differences in the cellular infil- 
trate and rate of expression of extracellular matrix proteins compared with normal heal- 
ing ulcers. Thus prevention of ulcer should be emphasized during routine diabetes 
consultation. The main aim in the treatment of diabetic foot ulcers is to obtain ulcer clo- 
sure. A multidisciplinary approach should include pressure offloading, frequent wound 
debridement, treatment of infection and appropriate intervention to improve lower limb 
blood supply. 
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PROBLEM 


49 


Transient Ischaemic Attack 


Case History 


A 58-year-old man with type 2 diabetes developed transient left-sided weakness with 
slurring of speech lasting for four hours. On clinical examination, he is in sinus rhythm, 
blood pressure is 142/84 mmHg and there is an audible right-sided carotid bruit on 
auscultation. He has no history of ischaemic heart disease and does not smoke. He 
currently takes low-dose aspirin and an angiotensin-converting enzyme (ACE) inhibitor 
at night. 

How should he be managed? 

What investigations should be carried out? 


What is his prognosis? 


Background 


© 


®© 


The risk of transient ischaemic attack (TIA) is, surprisingly, the same (or slightly lower) in 
patients with diabetes compared with patients without diabetes. This observation may be 
explained by the fact that diabetes induces a higher likelihood of developing a full stroke 
when exposed to an equivalent cerebrovascular insult. The combination of diabetes and 
TIA is, however, particularly malignant, with patients at very high risk of future disabling 
cardiovascular events. 

Large randomized trials have shown that aspirin, at doses of 75-150 mg/day, reduces 
stroke risks in patients with diabetes.’ There is, however, theoretical evidence that patients 
with diabetes may require slightly higher doses of aspirin to achieve similar antiplatelet 
effects, and this may explain the surprisingly non-significant reductions of stroke risks in 
some studies with aspirin conducted in the diabetic cohort of larger trials. Clopidogrel is 
superior to aspirin for stroke prevention, particularly in patients with diabetes, but aspirin 
and clopidogrel in combination conferred no further benefits in patients with recent TIA 
and was associated with increased risks of bleeding complications. Similarly, the addition 
of dipyridamole to aspirin treatment in diabetic patients resulted in a non-significant 
reduction in stroke recurrence. Antithrombotic therapy, aiming at international normal- 
ized ratio (INR) of 2-3, reduces stroke risk in patients with atrial fibrillation.* A meta- 
analysis of antithrombotic therapy in atrial fibrillation showed that warfarin reduced 
stroke by about 60%, with numbers needed to treat for one year to prevent one stroke of 
13; aspirin reduced stroke by about 20%, with numbers needed to treat of 40 for secondary 
prevention. There is no evidence to support the routine use of warfarin for patients in 
sinus rhythm. 
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Meta-analysis of various antihypertensive trials has confirmed the benefits of intensive 
blood pressure control in stroke prevention.* When these trials were considered individ- 
ually, the evidence supporting aggressive blood pressure reduction seemed to be largely 
derived from patients with diabetes. In the UKPDS (United Kingdom Prospective 
Diabetes Study), a 10 mmHg reduction of mean systolic blood pressure in patients with 
type 2 diabetes led to a 44% reduction in stroke incidence. Systolic hypertension and ‘non- 
dipping’ nocturnal blood pressure are also both associated with a higher risk of stroke and 
cardiovascular mortality. The ideal first-line antihypertensive agent is still uncertain. A 
meta-analysis comparing different antihypertensive agents has shown a small but signifi- 
cant benefit in favour of calcium channel blockers in preventing stroke, while other com- 
parative studies involving patients with diabetes have been less favourable to calcium 
antagonists. The ALLHAT trial (Antihypertensive and Lipid-Lowering treatment to pre- 
vent Heart Attack), which enrolled more than 12 000 participants with type 2 diabetes, 
showed no significant difference for either drug class for stroke risk reduction, although 
the overall cardiovascular outcomes were slightly in favour of a diuretic. Recent trials have 
also highlighted the vasculoprotective effects of agents which block the renin—angiotensin 
system, possibly independent of blood pressure lowering. The HOPE study (Heart 
Outcomes Protection Evaluation) showed that ramipril (compared to placebo) reduced 
the risks of any stroke by 32% and fatal stroke by 61%. A further substudy, however, 
suggested that the favourable outcome seen with ramipril in HOPE may in fact have been 
due to a significantly lower nocturnal blood pressure in the ramipril-treated group. 
PROGRESS (the Perindopril PROtection aGainst REcurrent Stroke Study) showed a 
reduction in the risk of recurrent strokes using the perindopril plus indapamide combina- 
tion. Importantly, PROGRESS showed no benefit from perindopril monotherapy despite 
modest antihypertensive actions (5/3 mmHg), whereas indapamide alone may have re- 
duced stroke by as much as 38%. Thus, effective blood pressure reduction rather than the 
choice of initial agent is the most important issue in reducing stroke risks. The British 
Hypertension Society has produced the AB/CD guideline for choosing appropriate initial 
treatment and for deciding how to combine antihypertensives effectively. 

Statins may also prevent strokes in patients with diabetes. The recent CARDS* trial 
(Collaborative Atorvastatin Diabetes Study) randomized 2338 patients with type 2 dia- 
betes to placebo or atorvastatin 10 mg daily. Atorvastatin significantly reduced the in- 
cidence of new stroke by 48%, independent of patient’s age, gender or baseline cholesterol 
or blood pressure levels. This confirmed findings from the LIPID trial (Long-term 
Intervention with Pravastatin in Ischaemic Disease), which showed a 39% stroke reduc- 
tion with pravastatin in patients with diabetes. The Heart Protection Study (HPS) showed 
a 25% reduction in stroke with simvastatin irrespective of baseline cholesterol. In the 4S 
study (Scandinavian Simvastatin Survival Study), treatment with simvastatin reduced 
stroke in the diabetic cohort by 62% compared with 23% in people without diabetes. 
Treatment with statins, however, did not seem to eliminate the excess cardiovascular risk 
associated with a low baseline level of high-density lipoprotein (HDL)-cholesterol. The 
VA-HIT study (Veterans Affairs High-Density Lipoprotein Intervention Trial) included 
769 patients with diabetes with normal low-density lipoprotein (LDL) but low HDL- 
cholesterol levels; gemfibrozil, an agent which specifically increases HDL-cholesterol but 
has negligible effect on LDL-cholesterol levels, resulted in a 39% reduction in coronary 
heart disease. Little data is available on the effect of raising HDL on the incidence of stroke, 
but it is unlikely that the protective effect of raising HDL levels is confined to the coronary 
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Table 49.1 

Symptoms/risk factors Intervention 

Hypercoagulability/atrial fibrillation Aspirin, dipyridamole, clopidogrel, warfarin 

Smoking cessation therapy, bupropion Behavioural therapy, nicotine replacement 
Hyperglycaemia Sulphonylurea, metformin, glitazones, insulin 

Insulin resistance Weight loss, glitazones, metformin 

Dyslipidaemia Statins, fibrate, nicotinic acid 

Hypertension ACE inhibitor, angiotensin AT1 receptor blocker, diuretic 


(and other agents including beta-blockers) 


Microalouminuria/proteinuria ACE inhibitor, angiotensin AT1 receptor blocker, aggressive blood 
pressure reduction 


Screening for diabetes-related vasculopathy Eye screening, foot examination, assessment for coronary 
artery disease 


Source: Idris et al. Int J Clin Pract (in press). 


circulation. A large study specifically targeting HDL-cholesterol in patients with diabetes is 
underway. 

Patients with haemodynamically significant carotid artery stenosis should be consid- 
ered for carotid endarterectomy if they are fit for surgery. Evidence from two large trials, 
the Asymptomatic Carotid Atherosclerosis Study (ACAS) and the North American 
Symptomatic Carotid Endarterectomy Trial (NASCET),° showed that surgical revascular- 
ization for asymptomatic and symptomatic haemodynamically significant carotid artery 
stenosis resulted in fewer strokes during follow-up compared with medical therapy alone. 
Patients with diabetes constituted 23% and 19%, respectively, of the total study parti- 
cipants and seemed to benefit equally. In the European Carotid Surgery Trial (ECST),’ the 
benefits of carotid endarterectomy in reducing stroke became significant only in those 
with more than 70% carotid artery stenosis, but not in those with carotid near-occlusion. 
Peri- and post-endarterectomy outcomes in patients with diabetes are variable—some 
suggest an increased rate of coronary heart disease, whilst others report more favourable 
outcomes. Surgical risk, however, is inversely related to surgical experience and patients 
should thus be referred to centres with extensive experience in performing endarte- 
rectomy. 


Recent Developments 


KO 


1 Early trials of carotid artery stenting were stopped prematurely due to poor outcomes 
in stented patients. Recent advances in stent designs, delivery systems and devices to 
protect the brain from embolization during stenting have improved clinical out- 
comes. Further studies are underway to determine whether carotid artery stenting is a 
true alternative to carotid endarterectomy as the treatment of choice for carotid artery 
stenosis. 
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Conclusion 


Patients with diabetes and TIA are at great risk of developing future stroke and cardiac 

Ea events. Management strategies should therefore target aggressive cardiovascular risk fac- 
tor reduction, which includes lifestyle changes, and pharmacological and surgical treat- 
ment. Clopidogrel is superior to aspirin for stroke prevention, while blood pressure 
reduction should be achieved with the most appropriate agent tailored to the patient’s 
age, ethnic group, concurrent medications and comorbid state. Recent evidence has also 
supported the use of statins to prevent stroke occurrence. Finally, in patients with haemo- 
dynamically significant carotid artery stenosis, carotid endarterectomy has been shown to 
improve clinical outcomes.® 
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50 Diabetes and Respiratory Disease 


Case History 


A 42-year-old obese man with no history of diabetes complained of overwhelming 

daytime lethargy to the extent that he sometimes falls asleep at traffic lights. His wife 
mentioned that he snores heavily at night. His fasting glucose is 6.9 mmol/l on two 
separate occasions. He has normal thyroid function. 


What is his most likely diagnosis? 
How does his diagnosis relate to diabetes and his cardiovascular risk? 


How would you treat him? 


Background 


This patient has clinical features of sleep apnoea. The condition is characterized by recur- 
rent episodes of upper airway collapse and obstruction during sleep, leading to recurrent 
oxyhaemoglobin desaturation and arousals from sleep. Anatomical factors, such as 
enlarged tonsils, macroglossia and abnormal positioning of the maxilla or the mandible, 
are major predisposing factors to airway collapse. The site of obstruction in most patients 
is the soft palate, extending to the region at the base of the tongue. Sleep apnoea can be 
caused by either complete airway obstruction (obstructive apnoea) or partial obstruction 
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(obstructive hypopnoea—i.e. slow, shallow breathing), both of which can induce sleep 
arousal. The frequent arousals and the inability to achieve or maintain the deeper stages of 
sleep lead to excessive daytime sleepiness, personality changes, memory loss and depres- 
sion. Other physical signs and symptoms that support a likely diagnosis of obstructive 
sleep apnoea include loud snoring, witnessed apnoeic episodes, waking up not feeling 
refreshed, morning headaches and obesity. Polysomnography (overnight sleep study) 
with an Apnoea—Hypopnoea Index (AHI) score of >5-10/h—derived from the total 
number of apnoeas and hypopnoeas divided by total sleep time—is generally used as a 
cut-off level for the diagnosis of sleep apnoea. 

Obstructive sleep apnoea (OSA) is recognized to be associated with increased cardio- 
vascular morbidity and mortality. Untreated, OSA is associated with a significant 2—4-fold 
increase of developing fatal and non-fatal cardiovascular events. Whilst the higher cardio- 
vascular risk was previously thought to be due to its link with obesity, recent evidence has 
suggested that OSA may be independently associated with the metabolic syndrome. This 
syndrome consists of a cluster of risk factors which includes hypertension, microalbumin- 
uria, dyslipidaemia, insulin resistance, glucose intolerance, central obesity and increased 
proatherogenic proteins. In a study by Coughlin et al., metabolic syndrome was found to 
be nine times more likely to exist in patients with OSA compared with those without and 
occurs independently of obesity, smoking and age. Using mathematical models and the 
euglycaemic hyperinsulinaemic clamp technique to determine insulin sensitivity index, 
obese patients with OSA have been shown to be more insulin resistant than patients with 
simple obesity, independently of the degree and distribution of adiposity. Hypoxic state 
associated with OSA has been postulated to account for the increased vascular risk seen in 
patients with OSA. 

More recently, data from the Sleep Heart Health Study (SHHS) have shown that sleep- 
disordered breathing (SDB) is independently associated with glucose intolerance and 
insulin resistance and may lead to type 2 diabetes mellitus. Conversely, diabetes mellitus 
might be a cause of SDB, mediated through autonomic neuropathy that may alter ventila- 
tory control mechanisms. Further data from the same patient cohort showed that partici- 
pants with sleep duration of less than five hours per night have a 2.5- and 1.3-fold 
increased risk of developing type 2 diabetes and impaired glucose tolerance.’ Because this 
effect was present in subjects without insomnia, voluntary sleep restriction was thought to 
contribute to the large public health burden of type 2 diabetes. A study involving more 
than 8000 subjects who participated in one of the three MONICA Augsburg surveys 
between 1984 and 1995 showed that difficulty in maintaining sleep was also associated 
with an increased risk of type 2 diabetes in both men and women from the general popula- 
tion. Meanwhile, results from the Nurses Health Study cohort, which followed 69 852 
United States female nurses aged 40-65 years without diabetes at baseline, showed that 
snoring is independently associated with increased risk of developing diabetes.* Similarly, 
in a Finnish population-based cohort study involving 593 subjects, habitual snoring was 
found to be more common in subjects with diabetes than in subjects with impaired 
glucose regulation or normal glucose tolerance. In this study, impaired insulin sensitivity, 
type 2 diabetes and smoking were all associated independently with habitual snoring, 
whilst high body mass index and male sex were associated independently with OSA. 
Epidemiological data have also shown a link between OSA and hypertension. For example, 
untreated OSA predisposes to an increased risk of new hypertension, whilst treatment of 
OSA has been shown to lower blood pressure. Possible mechanisms whereby OSA may 


50 Diabetes and respiratory disease 209 


Clinical suspicion of 
sleep apnoea 
Overnight sleep study 
Obstuctive sleep apnoea 
Hypocaloric diet 
Avoidance of alcohol before bed 
Fasting glucose 
(mmol/l) 


Intensification of Observe 
glycaemic control 


Cardiovascular risk assessments 
Full lipid profile 
Blood pressure 


Treatment 
Consider statins, aspirin 
Target blood pressure 140/80 


Nasal CPAP 


Fig. 50.1 Diagnosis and management of obstructive sleep apnoea. 
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contribute to hypertension in obese individuals include sympathetic activation, insulin 
resistance, elevated angiotensin II and aldosterone levels and endothelial dysfunction. 

Conservative measures such as weight loss, avoidance of alcohol 4—6 hours before bed 
and sleeping on one side are reasonably effective in patients with mild apnoea. In patients 
with moderate to severe apnoea, nasal continuous positive airway pressure (CPAP) has 
become the standard treatment for OSA. CPAP works by splinting the upper airway, pre- 
venting the soft tissues from collapsing. By this mechanism, it effectively eliminates the 
apnoeas and/or hypopnoeas, decreases the arousals, and normalizes the oxygen satura- 
tion. Emerging data suggest that this form of treatment is not only effective in improving 
patients’ symptoms but has also been shown to improve insulin resistance, glucose metab- 
olism and patients’ cardiovascular risks.* Flow-mediated vasodilation has been shown to 
improve after four weeks of nasal CPAP treatment, suggesting improvement in endothe- 
lial function due to CPAP treatment. In a study involving nine obese patients with type 2 
diabetes, three months of CPAP treatment was shown to improve insulin sensitivity with- 
out any changes in body mass index. Another study, involving 40 patients, showed more 
rapid improvement in insulin sensitivity (after day two of CPAP treatment), with 
improved CPAP efficacy seen in subjects who are less obese. In a recent study involving 
25 patients with type 2 diabetes, CPAP treatment (mean treatment duration of 83 + 50 
days) significantly reduced 1-hour post-prandial glucose levels, and in 17 patients with a 
baseline glycosylated haemoglobin (HbA 1c) level greater than 7%, there was a significant 
reduction in HbA1c level (9.2% + 2.0% to 8.6% + 1.8%). The reduction in HbA1c level 
was more prominent in subjects who used CPAP for more than four hours per day. These 
studies suggest that SDB is pathophysiologically related to impaired glucose homeostasis, 
and that CPAP can be an important therapeutic approach for patients with diabetes and 
SDB. In a further prospective study of 54 patients with coronary artery disease (=70% 
coronary artery stenosis) and OSA (AHI 215), CPAP treatment was associated with a 
decrease in the occurrence of new cardiovascular events, and an increase in the time to 
such events, compared with the group who declined CPAP treatment despite comparable 
baseline parameters. 


Recent Developments 


KON 


1 Further study is required to investigate the epidemiological evidence linking sleep- 
related disorders to risks of developing diabetes as well as cardiovascular and micro- 
vascular disorders. The SHHS is a multicentre cohort study implemented by the 
National Heart Lung and Blood Institute to determine the cardiovascular and other 
consequences of SDB. Further data analysis and collaborative study with the SHHS 
investigators is expected to improve our understanding on the metabolic complica- 
tions of sleep-related disorders. 


2 A broader link has recently emerged between diabetes and abnormal lung function. A 
recent study, using data from the Third National Health and Nutrition Examination 
Survey (1988-1994), showed that plasma glucose level two hours after oral adminis- 
tration of 75 grams of glucose was inversely related to forced expiratory volume in one 
second (FEV(1)) and forced vital capacity. In the total study population, persons with 
previously diagnosed diabetes had an FEV(1) 119.1 ml (95% confidence interval 
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—161.5 to -76.6) lower than persons without diabetes. This effect was greater in those 
with poorly controlled diabetes. These findings suggest that impaired glucose autoreg- 
ulation is associated with impaired lung function. The mechanism for this remains 
unclear. 


Conclusion 


This patient most likely has obstructive sleep apnoea. Sleep-related disorders, OSA and 

Ea abnormal lung function have been shown to be important predictors of developing glu- 
cose intolerance, insulin resistance, diabetes and cardiovascular complications. For 
patients with OSA, treatment with nasal CPAP has been shown to not only improve 
patients symptoms but also their glucose homeostasis and cardiovascular risks. The rou- 
tine use of statins and aspirin for all patients with OSA may also be merited. The role of 
insulin sensitizers in patients with OSA has not been studied yet. 


Further Reading 


Ù 2 1 Coughlin SR, Mawdsley L, Mugarza JA, Calverley PMA, Wilding JPH. Obstructive sleep apnoea 
is independently associated with an increased prevalence of metabolic syndrome. Eur Heart J 
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51 


Case 


Diabetes and Cystic Fibrosis 


History 


A 24-year-old woman with cystic fibrosis is found to have a random glucose level of 

15 mmol/l. She has no thirst or polyuria, and her weight is steady (body mass index 18 
kg/m2). She has not been in hospital with an infective exacerbation for 18 months. Her 
forced expiratory volume in one second (FEV(1)) is 75% of predicted. She has regular 
treatment with bronchodilators (saloutamol and atrovent), recombinant human DNase 
(Pulmozyme) and pancreatic enzyme supplements, but does not require continuous 
prophylactic antibiotic therapy. She is in a stable relationship and would like to consider 
starting a family in the foreseeable future. 


What is the cause of her diabetes? 
Does it have any bearing on her prognosis? 
How should her diabetes be managed? 


Is it realistic or desirable that she become pregnant? 


Background 


Q, 


Cystic fibrosis (CF) is the commonest life-threatening inherited genetic disorder. It occurs 
in one in every 2000-3000 Caucasian births, but is less common in other racial groups. 
Inheritance is autosomal recessive, and up to 1 in 20 Caucasians are genetic carriers. The 
responsible gene is the cystic fibrosis transmembrane conductance regulator gene located 
on the long arm of chromosome 7 (7q31.2), and over one thousand different mutations of 
this gene have been described. The gene is an ATP-binding cassette (subfamily C, member 
7), the products of which, along with a cyclic-AMP dependent chloride channel, regulate 
efflux of salt and water from cells. Reduced water content of secretions including sweat, 
saliva, mucus and digestive enzymes leads to thick, viscid secretions causing bronchopul- 
monary infection and exocrine pancreatic insufficiency. 

The adult cystic fibrosis population is growing. Life expectancy for CF patients has 
increased in the past 30 years from 16 years to 32 years. This is largely due to improved 
medical care but also because there is considerable phenotypic variation and increased 
numbers of patients with less severe disease are being recognized. As a consequence of the 
demographic change in the CF population, cystic fibrosis-related diabetes (CFRD) is 
becoming increasingly diagnosed.'* CFRD is currently diagnosed by standard blood 
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glucose criteria, although it is possible that disease-specific criteria should be considered. It 
is an important complication as there is a strong correlation with poor and deteriorating 
health, and a significant incidence of microvascular complications. Microalbuminuria 
may be detected, particularly during infectious exacerbations. Undernutrition may lead to 
low creatinine levels in blood and urine. Urine albumin-creatinine ratio, therefore, may be 
of limited use in screening for renal disease. Limited life expectancy means that macrovas- 
cular complications are not currently a problem for CF patients although low-grade 
inflammation and hypertriglyceridaemia, both common in CF, might mean that patients 
are at risk. 

Up to 15% of CF patients have diabetes. This proportion is increasing, and up to 50% of 
patients have abnormalities in carbohydrate tolerance. The major underlying abnormality 
is decreased insulin secretion as a result of fatty infiltration and fibrosis of the pancreas. 
Patients are not generally entirely insulin deficient and, as a consequence, fasting glucose 
may be relatively normal with the major abnormality being in the post-prandial period. 
An element of insulin resistance may be present in some patients because of the effects of 
chronic illness and concurrent use of steroids, but this is not the major mechanism for 
hyperglycaemia.* However, this is usually offset by the fact that most patients are under- 
weight. The peak incidence of CFRD is in the late teens, and it is recommended that all 
teenagers and adults with CF be screened for diabetes annually.’ The optimal screening 
method has yet to be determined. 

The nutritional requirements of patients with CF are complex, and may have a bearing 
on diabetes management. Even a toddler with CF may require up to 2000 kcal/day, com- 
pared with 3500 kcal/day for a child, and up to 5000 kcal/day for an adult. In general, 
energy requirements are 150% of normal, but may be greater in those who are severely 
malnourished or have severe malabsorption. The recommended dietary composition 
(40% fat, 40% carbohydrate, 20% protein) is very different to that recommended for dia- 
betes (30% fat, 55% carbohydrate, 15% protein). The lower carbohydrate intake makes for 
easier control of glycaemia but the total amount may be much higher than for a non-CF 
diabetic patient of comparable weight. A diet high in milk, cheese, eggs, meat and fish can 
provide the necessary protein and fat intake. In addition, supplementation with calcium, 
iron, zinc and fat-soluble vitamins (A, D, E and K) should be considered. Most patients 
have exocrine pancreatic failure and require pancreatic enzyme supplements. Severely 
malnourished patients may require nutritional supplements or enteral tube feeding in 
some Cases. 

There are no long-term outcome studies demonstrating benefit of tight glycaemic 
control, but tight control is almost certainly warranted in view of the striking relationship 
between hyperglycaemia and physical deterioration in CF patients. Insulin resistance is 
not a major problem and insulin-sensitizing drugs are not, therefore, indicated. Also, 
metformin could increase gastrointestinal symptoms, which are already prevalent in CF, 
and hypoxia may increase risk of lactic acidosis. Glitazones should only be used with 
caution because of the high prevalence of liver abnormalities in CF. Sulphonylureas and 
post-prandial glucose regulators may be of use for some patients, but insulin is usually the 
treatment of choice in CFRD. Because the major glucose abnormality is in the post- 
prandial period, short-acting analogues are the mainstay of treatment if the patient is 
willing and able to have three or four injections a day. The high-calorie intake and the 
rapid increase in glucose after eating are further reasons for choosing short-acting insulin 
analogues, supplemented if need be by long-acting background insulin. 


Ya) S08 Diabetes in Special Groups of Patients 


Up to 15% of CF patients 
(increasing as life expectancy increases) 


Screen all CF patients annually 


Major abnormality often 
post-prandial 


Underweight but may be 
insulin resistant 
(infection and chronic disease) 


Fig. 51.1 Cystic fibrosis-related diabetes. 
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Recent Developments 


= 1 
(©) 


In the largest ever epidemiological study of CFRD in adolescents and adults, Marshall 
et al.* reported a prevalence of 17.1% in females and 12.0% in males. The reason for 
this gender difference is not known. Exocrine pancreatic insufficiency was associated 
with CFRD, and this may account for the higher prevalence of CFRD with some geno- 
types. The incidence of CFRD is related to age. It was associated with liver disease, 
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poorer nutritional status, more severe pulmonary compromise and more frequent 
infective exacerbations. 


Increasing numbers of patients with CF are reaching adult life with reasonable health. 
The proportion that seeks fertility advice or achieves pregnancy is relatively low. A 
recent United Kingdom study confirms that the outlook for pregnancy in a CF patient 
is relatively good." Poor nutrition and poor respiratory function are the major factors 
that decrease the likelihood of pregnancy being achieved amongst women with CF. 
Men with CF are generally infertile because of impaired development of the vas defer- 
ens. However, sperm recovery techniques can be used to achieve pregnancy. 


Less than 10% of patients with CF are diagnosed in adult life. Such patients often 
have a much more benign course with lesser degrees of pulmonary pathology. The fact 
that they are diagnosed later, and may survive longer, means that diabetes may become 
an increasing problem in this group. CF is often harder to diagnose when onset is late 
as the typical multiorgan pathology is often absent, the genetic mutations are different 
and the sweat test is not always positive. 


Conclusion 


Her diabetes is likely to be caused by relative insulin deficiency as a result of pancreatic 


Ea This woman appears to have reasonable functional status in spite of her cystic fibrosis. 


damage. Generally, diabetes is more likely to occur in CF patients who are severely mal- 
nourished and have severe pulmonary disease. This lady is in reasonable health for an 
adult patient with CF, but she requires tight glycaemic control, particularly since she is 
contemplating pregnancy. It is unlikely that this could be achieved without insulin, and a 
basal bolus regimen would be preferred. As more CF patients reach adulthood in a health- 
ier state than could be achieved previously, it is likely that diabetologists will increasingly 
be involved in managing CFRD, and that pregnancy, diabetes and CF will have to be man- 
aged concurrently more frequently. 


Further Reading 
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PROBLEM 


52 Diabetes and Dialysis 


Case History 


ra A 54-year-old accounts clerk with insulin-treated type 2 diabetes has been on chronic 

æ ambulatory peritoneal dialysis for four years. She has persistent problems with erratic 
blood sugars— finding it particularly difficult to adjust her treatment when she adjusts 
the glucose content of her dialysis fluid. 


What practical advice can you offer? 


How should her insulin management be approached? 


Background 


Between 20% and 30% of patients entering dialysis programmes in industrial nations 
=Q] have diabetes. A lack of suitable kidney donors means that patients may spend many years 
receiving renal replacement by dialysis—either haemodialysis or peritoneal dialysis. 
Continuous ambulatory peritoneal dialysis (CAPD) requires four or five daily 
‘exchanges’ of 1500-3000 ml lactate, electrolyte and glucose solution. Dialysis fluid is 
infused via a catheter into the abdominal cavity where it will ‘dwell’ for 4-5 hours. 
Acid-base correction, electrolyte equilibration and water removal takes place across the 
peritoneal membrane. There are a significant number of difficulties faced by patients with 
diabetes requiring dialysis. 


Dialysis fluids 

The glucose content of peritoneal dialysis fluid, the dwell time and the efficiency of the 
peritoneal membrane determine how much water is removed. Generally, three strengths of 
dialysis fluid are available—‘strong’ (3.86% glucose solution), ‘medium’ (2.27% glucose) 
and ‘weak’ (1.36% glucose). The ‘stronger’ the bag, the more water is removed by ultra- 
filtration across the peritoneal membrane. The dialysis prescription generally uses devia- 
tion from ‘dry weight as a major determinant of the strength of bag to be used. A standard 
‘medium bag (1500 ml, 2.27% glucose) contains 22.7 g/l or approximately 35 g glucose in 
total. The glucose content of dialysis fluid means that patients may absorb 180 g or so of 
glucose per day—up to one-third of daily energy requirements. ' 

Where there is particularly high peritoneal glucose transfer, significant hyperglycaemia 
may occur. Rapid equalization of plasma and peritoneal glucose impairs water ultrafiltra- 
tion. Higher strength bags, used to increase ultrafiltration of water, then exacerbate the 
problem of hyperglycaemia. If this occurs—or conversely, if there is loss of glucose effi- 
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cacy—the large molecular weight glucose polymer, icodextrin, may be used in place of 
glucose in dialysis fluid. This preserves CAPD as a dialysis option and has the advantage 
that glucose absorption is eliminated. However, icodextrin is more inflammatory than 
glucose and may shorten the time that peritoneal dialysis is available as an option for renal 
replacement. 


Effects on glycosylated haemoglobin (HbA1c) 


@ HbAlc measurement may be falsely lowered due to erythropoeisis in response to 
exogenous erythropoietin, iron deficiency, reduced red cell lifespan and red cell 
transfusion. 


@ Carbamylation of haemoglobin in the presence of urea interferes with some HbA1c 
assays. 


Hypoglycaemic treatment 


Changes in pharmacokinetics with renal failure should prompt active adjustment of all 
hypoglycaemic therapies. 
@ Uraemia is an insulin-resistant state which dialysis significantly reverses. 


@ Reduced renal clearance of insulin increases the duration of action of both exogenous 
and endogenous insulin. 


@ Sulphonylureas must be selected with care: 


chlorpropamide is mainly excreted renally and should be avoided; 


@ active metabolites of glibenclamide (glyburide), glimepiride, gliclazide, tolbutamide 
and glipizide accumulate in renal failure; 


@ generally, all sulphonylureas should be avoided, but glipizide has a short half-life and 
is the agent least likely to cause problematic hypoglycaemia; 


@ biguanides are contraindicated because accumulation of metabolites increases the risk 
of lactic acidosis; 


@ thiazolidinediones do not accumulate in renal failure. As they are contraindicated in 
heart failure, a decision to use thiazolidinediones must be balanced against the risk of 
accumulation of oedema. 


CAPD makes possible intraperitoneal insulin delivery. This route is a physiologically 
more normal route, delivering insulin via the hepatic portal vein to the liver.? There are 
advantages and disadvantages to using intraperitoneal insulin.* 


@ Intraperitoneal insulin is more effective then subcutaneous insulin in suppressing 
hepatic glucose output, however glucose absorption—particularly with stronger 
bags—may be enhanced. 


@ Accessing dialysis bags to add insulin may increase the risk of contamination and 
peritonitis. 


@ Insulin is a trophic hormone that stimulates peritoneal fibroblast proliferation. 
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Exchanges must take place close to mealtimes so that the peritoneal insulin dose can 
be adjusted for carbohydrate intake. 


Patient-related problems 


Recent 
Gy | 


Glycaemic control prior to renal failure is frequently poor because of difficulties 
adhering to principles central to good glycaemic control. 


Uraemic symptoms from inadequate dialysis may impair appetite and require reduc- 
tion in hypoglycaemic therapy to avoid hypoglycaemia. 


Diabetic autonomic neuropathy may cause unpredictable gastric emptying. 


Developments 


In 2002, icodextrin was approved by the Food and Drug Administration for use in 
place of glucose in dialysis fluid. Icodextrin (Extraneal®) is absorbed into the systemic 
circulation and metabolized to maltose. Maltose is not digested to glucose because the 
peripheral circulation lacks maltase. Maltose interferes with glucose meters that use 
glucose dehydrogenase-based measurement with the coenzyme pyrroloquinoline 
quinone. Falsely elevated glucose readings are associated with significant clinical prob- 
lems.* This interaction is important when selecting blood glucose meters for individ- 
ual patients and for bedside use in institutions where patients with diabetes may 
undergo peritoneal dialysis. 


Conclusion 


In most cases, diabetes will have been diagnosed 10 to 20 years previously. Whether good 
Ea glycaemic control influences the progression of other microvascular complications once 
end-stage renal failure is established is uncertain, but it seems reasonable to strive for as 
good control as possible. However, established patterns of behaviour relating to control of 
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blood glucose are often difficult to influence. It is important to clarify whether good over- 
all glucose control has always been difficult to achieve or whether there has been a recent 
deterioration. Occult infection, particularly peritoneal or foot, should be actively 
excluded. 

As the problem in this case seems to be associated with adjustments that she is making 
to the strength of her dialysis bags, the dialysis prescription and agreed oral fluid intake 
should be reviewed with her nephrologist. In particular, regularizing both bag strength 
and the timing of exchanges 30 minutes or so before a meal will simplify insulin adjust- 
ment and make the pattern of hyperglycaemia more apparent. The accuracy of her finger- 
prick glucose meter, particularly in the light of problems with icodextrin/maltose, should 
also be assessed. 

Insulin can be given as twice-daily pre-mixed injections or as a basal bolus regimen. A 
basal bolus regimen allows greater flexibility in insulin adjustment, particularly if rapid- 
acting insulin analogues are used at exchange/mealtimes. Though extra injections are an 
inconvenience, the rapid onset of action and short half-life of analogues mean that sup- 
plementary injections can be given to control hyperglycaemia—particularly if gastro- 
paresis is a contributory problem. Intraperitoneal insulin is not advocated because of the 
risk of peritonitis. 


Further Reading 
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53 


Diabetes and Coeliac Disease 


Case History 


A 17-year-old girl who has had type 1 diabetes since the age of 8 years has difficulty in 
gaining weight. Her body mass index is 19 kg/m?. She has no bowel symptoms unless she 
eats a very-high-carbohydrate meal. A cousin has coeliac disease and she has read that 
this may be associated with diabetes. She has always been careful with her diabetes but 
control has deteriorated in the past year (glycosylated haemoglobin [HbA1c] 8.9%). 
Why are type 1 diabetes and coeliac disease associated? 

Should patients with type 1 diabetes be screened for coeliac disease? 

What should be the dietary management of patients who have both conditions? 


Would the presence of coeliac disease alter your approach to the management of 
diabetes? 


Background 


Coeliac disease is probably the best understood of all the autoimmune diseases.' The dis- 
ease is caused by sensitivity to a-gliadin, which is the principal protein in wheat. Similar 
proteins are also present in rye and barley, and to a lesser degree in oats. Gliadin contains a 
33 amino acid peptide that is resistant to enzymatic digestion in the gut, and which 
includes three overlapping peptide sequences, each of which contains glutamine. 
Susceptible individuals are positive for the HLA-DQ2 or HLA-DQ8 antigens. These 
human leucocyte antigen (HLA) alleles are present in over 95% of patients with coeliac 
disease but in less than 30% of the general population. Deamidation of the gliadin peptides 
by the enzyme transglutaminase 2 renders them negatively charged and enhances their 
interaction with the relevant class II histocompatibility molecules. Subsequent presenta- 
tion of the peptides to CD4+ T lymphocytes leads to activation, cytokine release and tissue 
damage. The result is the characteristic histological appearance with inflammation, villous 
atrophy and crypt hypertrophy. 

The classic symptoms of coeliac disease are abdominal pain, failure to thrive (children), 
diarrhoea and abdominal distension. The symptoms are exacerbated by intake of wheat 
and wheat products and are absent when the individual adheres to a gluten-free diet. Many 
adults with coeliac disease have no, or minimal, gastrointestinal symptoms but may com- 
plain of non-specific symptoms and general ill health. Coeliac disease is associated with a 
variety of other manifestations including anaemia (deficiency of iron, folate and some- 
times vitamin B12), liver abnormalities, osteoporosis, infertility, neurological problems 


53 Diabetes and coeliac disease 221 


(neuropathy, ataxia) and dermatitis herpetiformis. It is also associated with other auto- 
immune diseases including type 1 diabetes. Coeliac disease is present in up to 1% of popu- 
lations of Northern European descent, the majority of whom are asymptomatic. Typically, 
around 5% of patients with type 1 diabetes have coeliac disease, and vice versa. 

Tissue damage in patients developing coeliac disease is associated with expression of 
immunoglobulin A antibodies to gliadin, transglutaminase (transglutaminase 2) and 
endomysium. Measurement of these antibodies in serum provides a useful screening tool. 
Antibodies to gliadin are the least sensitive and specific. Anti-endomysial antibodies are 
the most widely used for clinical screening at present. These are measured by indirect 
immunofluorescence. The test is, therefore, qualitative or, at best, semi-quantitative. The 
antigen to which anti-endomysial antibodies are directed is now recognized to be trans- 
glutaminase 2. Quantification of antibodies to this enzyme by enzyme-linked immuno- 
sorbent assay (ELISA) is now acknowledged to be the gold-standard screening tool for 
coeliac disease. However, over 10% of patients with type 1 diabetes are positive for these 
antibodies, and not all have coeliac disease. Those who are antibody-positive should have 
the diagnosis of coeliac disease confirmed by endoscopic duodenal biopsy. 

Type 1 diabetes and coeliac disease coexist in many individuals because of an overlap- 
ping genetic susceptibility.* The genetics of type 1 diabetes are now well understood but 
are complex, with at least 18 susceptibility loci identified. The most important of these is 
the HLA locus on the short arm of chromosome 6 (6p), which accounts for at least 50% of 
the tendency for the disease to aggregate in families. The best-known HLA association 
with type 1 diabetes is the increased risk conferred by the HLA-DR3 and HLA-DR4 geno- 
types. Between 30% and 50% of patients with type 1 diabetes are DR3/DR4 heterozygotes. 
DR3 or DR4 homozygosity appears to confer a slightly lower risk. It is now recognized that 
the DQ2 and DQ8 haplotypes are even better markers for type 1 diabetes, with 90% preva- 
lence in patients with type 1 diabetes compared with 40% in the general population. 
Coeliac disease is 70% concordant in monozygotic twins and has a prevalence of 10% in 
first-degree relatives. Genetic predisposition is, therefore, of major importance. Over 90% 
of patients with coeliac disease possess the DQA1*0501 and DQB1*0201 alleles, confer- 
ring the HLA-DQ2 haplotype. Most of the remainder carry the DQ8 haplotype 
(DQA1*0301, DQB1*0302). DR3 and DR4 are in linkage disequilibrium with DQ2 and 
DQ8, respectively. In spite of the strong association of coeliac disease with HLA alleles, it 
is not currently thought to be useful to use HLA typing as a screening tool for coeliac 
disease.* 

The issues around screening for coeliac disease in patients with type 1 diabetes are not 
clear cut.* The prevalence of coeliac disease in children and young adults with type 1 dia- 
betes is around ten times that of the general population. Classic coeliac disease is not dif- 
ficult to diagnose, and there is no argument that gluten-free diet (GFD) is a highly effective 
intervention for most of these patients. The major concerns about undiagnosed coeliac 
disease in younger people centre on the possible relationship with growth failure, osteo- 
penia and hypoglycaemia, and the long-term risk of gastrointestinal malignancies includ- 
ing lymphoma. The growth of children of school age is routinely monitored and, while 
growth arrest or delay should certainly prompt consideration of coeliac disease as a pos- 
sible cause, there does not appear to be a justification on this score for routine screening 
for coeliac disease. Osteopenia arises from vitamin D deficiency, leading to mild hypo- 
calcaemia, and consequent secondary hyperparathyroidism. Bone mineral density should 
certainly be monitored in those with active coeliac disease, but the balance of evidence in 
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asymptomatic individuals is that bone density is not compromised in children or young 
adults. Hypoglycaemia due to poor or erratic absorption of nutrients appears to be limited 
largely to the months before, and following, the diagnosis of coeliac disease. Development 
of unexplained hypoglycaemia in a patient with type 1 diabetes should prompt screening 
for coeliac disease. The increased risk of gastrointestinal malignancy appears to be limited 
to those with prolonged active coeliac disease. In summary, universal screening for coeliac 
disease, including in patients with type 1 diabetes, is not routinely recommended at pres- 
ent. The benefits of GFD are probably confined to those who have active symptoms of 
coeliac disease. 

Individuals with coeliac disease need to avoid foods with wheat, barley and rye flours. It 
is not entirely clear whether oats are permissible. A variety of flours can be used including 
rice, potato, tapioca, sago, arrowroot, maize and cornflour. Care must be taken to avoid 
products that have seasonings and thickenings incorporating wheat and other flours con- 
taining pathogenic peptides. In recent years, it has become much easier to adhere to a GFD 
because of more ready access to appropriate support and advice, as well as a broader range 
of gluten-free products becoming available. However, the combination of gluten-free and 
diabetes diets represents a considerable challenge. Sensitivity to gluten-containing prod- 
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ucts varies widely amongst individuals who are diagnosed as having coeliac disease. Loss of 
taste and texture of foods associated with a coeliac diet may make compliance difficult. 
Also, the dietary recommendations for coeliac disease, along with the tendency to restrict 
carbohydrate, run somewhat contrary to the normal diet recommendations for people 
who either have or are at risk of developing diabetes. 


Recent Developments 


KON 


1 The association of coeliac disease and diabetes, as well as their common genetic pre- 
disposition, has long been recognized. Several important epidemiological studies have 
appeared recently. If a temporal relationship between the appearances of the two dis- 
eases could be established, a firmer opinion about screening might emerge. Recent 
evidence is conflicting, with a French study? suggesting that coeliac disease generally 
preceded the diagnosis of diabetes, while in a large Italian series® the reverse seemed to 
hold true. The latter study also suggested that female gender, the presence of thyroid 
autoimmunity and earlier age of diabetes onset were all associated with increased risk 
of coeliac disease. Adults with type 1 diabetes have a lower prevalence of undiagnosed 
coeliac disease than do children, amounting to around 2.5%.’ 


2 Initiation of a GFD in children suffering from diabetes and coeliac disease both 
improves growth and leads to improved metabolic control of diabetes.*° Decreased 
carbohydrate content of the diet may be at least partially responsible for the improved 
glycaemic control. It is equally possible that coexistence of the two conditions im- 
proves patients’ compliance, and also that the increased dietetic and medical follow-up 
of patients with both conditions leads to tighter glycaemic control. 


3 The link between coeliac disease and type 1 diabetes may not be just through common 
genetic susceptibility. In animal models of diabetes, exposure to soy protein or wheat 
gluten enhances the risk of developing diabetes. Exposure to gluten has also been 
linked with human diabetes. Intestinal inflammation and increased gut permeability 
have been demonstrated in patients with type 1 diabetes. A recent Italian study"? has 
not only demonstrated mucosal inflammation in children with diabetes, but has also 
shown enhanced lymphocyte responses to gliadin in subjects who had diabetes but no 
serological or clinical evidence of coeliac disease. 


Conclusion 


Coeliac disease and type 1 diabetes share a common genetic predisposition, and are thus 
associated diseases. Furthermore, recent studies suggest that the gut may show an 
increased inflammatory response to gliadin in patients with type 1 diabetes. At this stage, 
screening for coeliac disease amongst patients with type 1 diabetes is not routinely advo- 
cated. However, coeliac disease should be suspected if there is growth or developmental 
delay, osteopenia or unexplained hypoglycaemia, or even in the presence of non-specific 
ill health. There is a strong familial predisposition and the disease should certainly be con- 
sidered in the above patient. 

GFD is a major undertaking at the best of times. The restrictions it places on a patient 
with type 1 diabetes may lead to decreased overall carbohydrate intake, and increased 
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intake of less complex carbohydrate leading to more rapid absorption and, therefore, 
hyperglycaemia. If diabetic control is difficult, a basal bolus insulin regimen with short- 
acting analogue insulin might be considered. The dietary considerations with the two dis- 
eases combined are complex and often necessitate frequent review. 
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